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ANTHRAOUINONES WITH BIOLOGICAL ACTIVITY 
The present invention relates to anthraquinone 
confounds, processes for their production and their use as 
inhibitors of telomerase. 
5 Eukaryotic cells contain chromosomes which divide and 

replicate during cell division. The ends of the 
chromoisomes - telomeres - comprise tandem repeats of simple 
DNA sequences. These telomeric repeat sequences are 
essential for replication although in most normal cell 

10 types the length of the telomere is shortened by the 
process of replication. Cell senescence is closely 
_co r related wi t h a progressive reduct ion in the num ber of 
these repeats, and it is believed that senescence may be 
caused by a failure to maintain the length of the 

15 telomeres. 

Further evidence for this can be found in the fact 
that germ cells and immortalized cancer cells do not suffer 
the same reduction in the length of telomeres during cell 
division, due to the activity in these cells of the 

20 telomerase enzyme. This enzyme is a ribonuclear protein 
containing an RNA template for the synthesis of the tandem 
repeat xinits of the telomeres. 

Almost all tumor cells have shortened telomeres, which 
are maintained at constant length and which are associated 

25 with chromosome instability and cell immortalization. The 
enzyme telomerase adds the telomeric repeat sequences onto 
telomere ends, ensuring the net maintenance of telomere 
length in tumor cells resulting in successive rounds of 
cell division (D. Sun et al, J.Med. Chem. , 40:2113-2116 

30 (1997)). 

Telomerase activity can be found in about 85 to 90% of 
human tumour cell types, including leukaemias, small cell 
euid non-small cell lung cancer, myeloma, lymphoma, 
prostate, colon, head and neck, melanoma. Hepatocellular 
35 carcinoma, bladder, ovarian, breast and gastric cancers. 
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WO91/00265 (Neidle et al) discloses anti-cancer agents 
which are anthraquinones of formula (1) : 




in which n is 1, 2 or 3; and and are each 
5 independently an ethyl, hydroxyethyl or hydroxymethyl 
group; or E} and R^, together with the nitrogen atom to 
which they are attached, form a cyclic group which is a 1- 
piperidino, 2- or 4- (2 -hydroxyethyl) -1-piperidino, 2- 
hydroxymethyl -1-piperidino, 4- (2-hydroxyethyl} - or 4- 

10 methyl -1-piperazino, or 4-mo3:pholino group; or a 
pharmaceutically acceptable salt thereof. 

Agbandje et al, J. Med. Chem., 35: 1418-1429 (1992) 
describes 9, 10-anthraG[uinones which are examples of the 
compounds of formula (1) above and allegedly have potential 

15 as anticancer agents. 

Tanious et al, Biochem., 31: 11632-11640 (1992) q 
describes DNA-binding agents which are examples of the Q 
9, 10 ^anthraquinones of formula (1) above and four 9,10- LO 
anthraquinones of formula (2) : ^ 



20 
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in which firstly R\ and R" are all hydrogen, or in the 
10 other three compounds one of R*, R^ and R® is NHCCH^jjNITEtj 
• i^hlle th^ other two of R^, and R- are hydrogen. 

Collier and Neidle, J. Med. Chem., 31: 847-857 (1988) 
^ described a series of and 1 , 4-substituted 

araidoanthraquinones of f cannula (3) that bind to DNA (and 
15 thus can be cytotoxic) . 



O 



20 




25 

in which R**^ and R" are each independently an ethyl group; 
or R" and R" together with the nitrogen atom to which they 
are attached represent a heterocyclic group which is a 1- 
piper idino , 4 - hydr 03cypropy 1 - 1 -piperaz ino or 2 - 

30 hydroxyethyl-l -piper idino group; R^. is hydrogen or 

NHC0(CH2)2NR"R", in which R^^ and R" are as defined above. 

Some of the compounds of formulae (1), (2) and (3) 
above have been proposed as ant i- cancer agents although to 
date none have been developed beyond in vitro studies 

35 because they have been found to have only moderate 



SUBSTITUTE SHEET (RULE 26) AdOO aiSVll VAV iS39 



wo 9805885 PCT/GB97/03446 



- 4 - 

activity in conventional in vivo tumour cell lines, and 
moderate activity against animal models for cancer 
(Agbandje, M. PhD thesis. University of London, 1989) . 
However we have investigated compounds within the 
5 scope of formulae (1) and (3) above and surprisingly found 
that these compounds are inhibitors of telomerase. These 
findings have enabled us to develop novel compounds which 
also have this activity. The anthraquinones of formula I 
and II of the present invention have extended planar 

10 aromatic groups suitable for intercalation, together with 
at least one side -chain, each having a planar group at one 
end such as an amide which is itself attached to the 
aromatric chrbmophore, together witfr^- rieutrar"anrine or 
cat ionic group at the other end. The compounds of the 

15 present invention preferably have two side -chains. 

Thus in a first aspect the present invention provides 
novel anthraquinones of the formula (I) and 
pharmaceutical ly acceptable acid addition salts and 
quaternary ammonium salts thereof: 

20 



25 




0) 



in which: each of Xj and X^, which are the same or 
different, is HNC0(CH2)„NR^R^ wherein each of and R^, 

30 which are the same or different, is an unsubstituted or 
substituted alkyl group or R^ and R^ together with the 
nitrogen atom to which they are attached represent a 
substituted or unsubstituted heterocyclic group, and n is 
an integer of from 1 to 6; 

35 each of Xj, X3, X5, Xg, X, and X^, which are the same or 
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different, is H, an unsubstituted or substituted alkyl 
group or halogens- 
provided that: 

when Xi and X^ are both HNCX){CH2)^NR^R^ and X^, X3, X5, 
5 Xg, X7 and Xg are each H and n is 2, either R^^ and R^ do not 
both represent ethyl, or R^ and R^ together with -the 
nitrogen atom to which they are attached do not represent 
1-piperidino or 2-hydroxymethyl-piperidino. 

Preferably, both groups R^ are the same and both 
10 groups R^ are the same. 

P-referably, each of X^, X3, X,, X^ X^ and Xg is 
hydrogen. Preferably R^ and R^ are methyl, n-propyl, i- 
propyl"n^butyl7==i=butyl= pr^^^t-butyl"^ =^ 
and R^ are the same or R^ and R^ together with the nitrogen 
15 atom to which they are attached form a heterocyclic group. 
Preferably the heterocyclic group is a 4 to 8 membered 
ring, for example a hexamethyleneimino, 

heptamethyleneimino, azetidino, pyrrolidino, morpholino or 
1-piperidino group which is unsubstituted or substituted 

20 with at least one Ci-Cg alkyl group and/or at least one 

hydroxy group. More preferably, the heterocyclic group is 
an unsubstituted hexamethyleneimino, heptamethyleneimino, 
a25etidino, pyrrolidino, morpholino or piperidino group or 
a 2-hydroxymethyl-piperidino group. The heterocyclic 

25 group may be a bicyclic ring such as an azabicyclic octano 
ring, for example l,3,3-trimethyl-6-azabicyclo[3.2.1] 
octano. Preferably n is an integer of from 1 to 4, for 
example 1, 2 or 3, most preferably 2. 

If R^ and R^ are not the same, preferably at least one 

30 of R^ and R^ is hydrogen or to Cg alkyl. Most preferably 
at least one of R^ and R^ is hydrogen, methyl or ethyl. 
For example, R^ is 2-hydroxyethyl and R^ is ethyl, R^ is 
methyl and R^ is hydrogen, R^ is CHjCHjN (C2H5) 2 and R^ is 
methyl or R^ is CH2CH2NHCH3 and R^ is methyl. 

35 A substituted or unsubstituted alkyl group typically 
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contains 1 to 6 carbon atoms, for example methyl, n~ 
propyl, i-propyl, n-butyl, i-butyl or t-butyl. Suitable 
substituents include OH, halogen, NHj, NCCi-Cg alkyl)H and 
NCCi-Cfi alkyDa. Typically a substituted alkyl group has 
5 from 1 to 6 substituents. Preferred substituted alkyl 
groups include trif luoromethyl, NCCi-Cg alkyl) H such as 
N(CH3)H and NCCi-Cg alkyl) 2 such as N(C2Hs)2. Halogen is 
typically F, Cl, Br or I, preferably F. 

In a second aspect the present invention provides 
10 compounds of the formula (II) and phaimaceutically 

acceptable acid addition salts or quaternary" ammonium 
salts thereof: 



Q8 Q Qi 



15 




05 O Q4 



20 

in which: each of Qj and Q^, which are the same or 
different, is HNCO ( CHj ) „NR^R\ wherein each of and R\ 
which are the same or different, is aoi unsubstituted or 
substituted alkyl group or R^ and R* together with the 

25 nitrogen atom to which they are attached represent a 

substituted or unsubstituted heterocyclic group, and n is 
an integer of from 1 to 6; 

each of Qj, Q3, Q4, Q5, Q^, and Qe, which are the same 
or different is H, OH, an amino or substituted amino 

30 group, an unsubstituted or substituted alkyl group or 
halogen ; 
provided that: 

when Q2 and Qg are both HNCO (CH2) „NR^R\ and Q^, Q3, 
Qs* Q7 and are each H and n is 1, 2 or 3, either NR^R* 

35 is not N(CH2CH3)2 or N(CH2CH20H)2 or R^ and R* together with 
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the nitrogen atom to which they are attached do not 
represent piperidino, morpholino, 4-methylpiperazino, 2- 
hydroxymethyl -piper idino , 2-hydroxyethyl-piperazino or 4- 
hydroxyethyl -piperidino . 
5 Preferably, both groups are the same and both 

groups are the same. 

Preferably, each of Q^, Q3, Q^, Q5 and Qg is 
hydrogen and Q2 and are HNCO (CHj) ^NR^R^ . Preferably R^ 
and R"* are methyl, n-propyl, i-propyl, n-butyl, i-butyl or 

10 t -butyl or hydroxyethyl . More preferably R^ and R* are the 
same or R^ and R^ togathsr with the nitrogsn atom to which 
they are attached form a heterocyclic group. Preferably, 
the heteTOcycli^g^ a 4^^t6 S menUDered^ing," for 

example a hexamethyleneimino, heptamethyleneimino, 

15 azetidino, pyrrolidine, morpholino or piperidino group 
which is unstibstituted or substituted with at least one 
Cg alkyl group and/or at least one hydroxy group. More 
preferably, the heterocyclic group is an unsubstituted 
hexamethyleneimino , heptamethyleneimino , azetidino , 

20 pyrrolidine, morpholino or piperidino group or a 

hydroxymethyl -piperidino group. The heterocyclic group 
may be a bi cyclic ring such as an azabicyclic octano ring, 
for example 1, 3, 3-trimethyl-6-azabicyclo [3 .2 . 1] octano. 
Preferably n is an integer of from 1 to 4, for example 1, 

25 2 or 3, most preferably 2. 

If R^ and R* are not the same, preferably at least one 
of R^ and R* is hydrogen or Ci to Cg alkyl. Most preferably 
at least one of R^ and R* is hydrogen, methyl or ethyl. 
For example, R^ is 2-hydroxyethyl and R* is ethyl, R^ is 

30 methyl and R* is hydrogen, R^ is CH2CH2N(C2H5)2 and R* is 
methyl or R^ is CH2CH2NHCH3 and R* is methyl. 

A substituted or unsubstituted alkyl group typically 
contains 1 to 6 carbon atoms, for example methyl, n- 
propyl, i -propyl, n-butyl, i -butyl or t -butyl. Suitable 

35 substituents include OH, halogen, NHj, N(Ci-C6 alkyl) H, and 
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NiCi-Cg alkyDj. Typically a substituted alkyl group has 
from 1 to 6 subs ti tut ents. Preferred substituted alkyl 
groups include trif luoromethyl, NCCi-Cg alkyl) H such as 
N(CH3)H and NCCj-Cg alkyl) such as N(C2Hs)2. Halogen is 
typically F, Cl, Br or I, preferably F. 

An amino group is a -NHj group and a substituted amino 
group is typically a -NHR or -NRj in which the two groups R 
may be the same or different. Typically R is a 
substituted or unsubstituted alkyl group and preferably 
contains 1 to 6 carbon atoms, for example methyl, n- 
propyl, i -propyl, n- butyl, i -butyl or t -butyl. Sui table 
substituents include OH and/or halogen. Typically a 
slibstitufced^Ikyr^grou^ has from i^tb^ subst 

Preferably, the anthraquinones of formulae (I) and 
(11) are symmetrical. For example, in anthraquinones of 
formula (I) the groups and X4, Xj and X3, X5 and Xg and Xg 
and X7 are the same and in anthraquinones of formula dl) 
the groups Qi and Qg, Q2 and Qg, Q3 and Q7 and Q4 and are 
the same. 

The invention also provides a method for inhibiting 
the activity of telomerase in a cell in which telomerase 
is active which comprises adding to the cell or its 
environment an effective amount of an anthraquinone of 
formula (I) , formula (II) , formula (III) : 
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o 




in which: and are each independently ethyl; or and 
R^ together with the nitrogen atom to which they are 
attached represent a heterocyclic group which is a 2- 
hydroxymethyl-l-piperidino or 1-piperidino group; and n is 
2; or formula (IV) : 



R7r8n— (CH2)ii^ 




in which: each R'' group is the same, each R® group is the 
same and R^ and R® are each independently an ethyl or 2- 
hydroxyethyl group; or R'' and R' together with the nitrogen 
atom to which they are attached represent a heterocyclic 
group which is a 1-piperidino, 2 -hydroxymethyl-l- 
piperidino, or 4- or 2- (2-hydroxyethyl) -l-piperidino 
group; and n is 1, 2 or 3; or a pharmaceutically 
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acceptable acid addition salt or quaternary ammonium salt 
thereof . 

The invention also provides anthraquinones of the 
formula (I) or (II) or pharmaceutical compositions thereof 
5 for use in the treatment of the human or animal body, 
particularly for the treatment of cancers. 

The invention further provides the use of 
anthraquinones of formula (I) , (II) , (III) or (IV) for the 
manufacture of a medicament for inhibiting the activity of 
10 telomerase and/or for treating cancer. 

The inventiGn further provides a prGsess for the 
production of an anthraquinone of . formula (I) or (II) as 
defined above whi^K "comprises amlholysi^ of a mono- or 
bis- (co-haloalkylcarboxamido) -substituted anthraquinone or, 
15 alternatively, acylation of a mono- or 

diaminoanthraquinone with a co-aminoalkylalkanoic acid or a 
derived acylating derivative. 

Thus, the present invention provides a process for 
the production of an anthraquinone of formula (I) or (II), 
20 which process comprises: 

i) reacting an intermediate of formula (B) : 



25 




30 in which: each of and Y^, which are the same or 

different, is HNCO(CH2)nZ, wherein Z is a leaving group 
and n is an integer of from 1 to 6, and Xj, Xj, X5, Xg, X7 
and Xg are as defined above for the anthraquinones of 
formula (I) ; 

35 with the compound of formula (C) : 
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R^R'NH (C) 
wherein R^ and R^ are as defined above for the 
anthraquinones of formula (I) ; or 
ii) reacting a intermediate of formula (A) : 



Qb O Qi 



10 




Qs O Q4 



in which: -each of Wj and Wg,^ which are the satne or ^ 
different, is HC0(CH2)nZ, an unsubstituted or substituted 
15 alkyl group or halogen, wherein Z is a leaving group and n 
is an integer of from 1 to 6, and Q^, Q3, Q^, Q^, and Qg 
are as defined above for the anthraquinones of formula 
(II); 

with a compound of formula (D) : 

20 R^R^NH (D) 

wherein and R^ are as defined above for the 
anthraquinone of formula (II) . 

Suitable leaving groups, Z, include halogen, for 
example F, CI, Br, I and sulfonate esters of f ormula . -OSOjR 

25 where R is C^.g alkyl, aralkyl or aryl, or other 

functionalities which can be replaced by aminolysis. 
Chlorine is a particularly preferred leaving group. 

The intermediate of formula (B) can be obtained using 
the method described in Collier and Neidle, J, Med. Chem. , 

30 31: 847-857 (1988) . The intermediate of formula (A) can 
be obtained using the method described in Agbandje at al., 
J. Med. Chem. 35: 1418-1429 (1992) . Further suitable 
intermediates can be readily obtained using established 
synthetic procedures for ring-substituted anthraquinones, 

35 as described in Bayer, Methoden der Organischen Chemie 
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7/3c, Verlag, page 111 (1974), and in Zagotto et al., 
Bioorg. Med. Chem. Lett. 2: 659 (1992). Other 
anthraquinone derivatives for use as starting materials 
are available from published synthetic methods, or by 
ready adaption thereof, or from commercial sources. 

The present invention also provides a process for 
producing anthraquinones of formula (I) in which the two 
groups are not the same and/or the two groups are not 
the same, which process comprises: 

(i) reacting an intermediate of formula (B'): 



15 




in which: 

20 Yi is HNC0(CH2)nZ, wherein Z is a leaving group and n 

is an integer of from 1 to 6, and Xj, X3, X5, Xg, X^ and Xg 
are as defined above 

with a compound of formula (C) 

R^R^NH (C) . 

25 wherein R^ and R^ are as defined adDove, to give a 

compound of formula (E) : 



30 




(E) 



X5 O NO2 



35 wherein X^, is as defined above; 
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(ii) converting the NOj group to an NHj group; 

(iii) reacting the product of step (ii) with 
Z(CH2)nC0Z wherein Z is a leaving group and n is an integer 
of from 1 to 6, to give a product of formula (F) : 

5 



10 




X5 O Y4 



in which y/ is HNC0^{CH2) „Z; 

(iv) reacting the product of step (iii) with a 
15 compound of formula (C ) : 

R^'R=*'NH (C) 
wherein. R^' and R^' have the same definition as R^ and 
R^ as defined above, with the proviso that the compound of 
formula (C^) is not identical to the compound of formula 
20 (C) used in step (i) , to give a compound of formula (I). 

The present invention also provides a process for 
producing anthraquinones of formula (II) in which the two 
groups R^ are not the same and/or the two groups R* are not 
the same, which process comprises: 
25 (i) reacting an intermediate of formula (A'): 



30 




Qs o 04 



in which: 

35 W2 is HNC0(CH2)„Z, wherein Z is a leaving group and n 
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is an integer of from 1 to. 6, and Q^, Q3, Q^, Q^, Q, and Qg 
are as defined above; 

with a compound of formula (D) 

R^R*NH (D) 
5 wherein and R* are as defined above, to give a 

compound of formula (G) : 



10 



98 o 




(G) 



I If 



15 



wherein Q2 is as defined above; 

(ii) converting the NOj group to an NHj group; 

(iii) reating the product of step (ii) with Z(CH2)„C0Z 
wherein Z is a leaving group and n is an integer of from 1 
to 6 to give a product of formula (H) : 



20 



25 




(H) 



in which Wg is HNC0(CH2)„Z; 

(iv) reacting the product of step (iii) with a 
30 compound of formula (D'): 

R^'R^'NH (D') 
wherein R^' and R^' have the same definition as R^ and 
R* as defined above, with the proviso that the compound of 
formula (D' ) is not identical to the compound of formula 
35 (D) used in step (i) , to give a compound of formula (II) . 
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Anthraquinones of formula (I) in which the two groups 
are not the same and/or the two groups are not the 
same may be produced in accordance with the following 
reaction scheme. 
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O NHCCXJHa 
H2S04^HN03 ^ 

O NO2 



O NH2 



15» 



Aq, H2SO4 




reflux 



O NO2 



CJ(CH2)mC0a 
toluene . reflux 



O NHCO(CH2)mCI 

R'R^NH, ethanoli 




O NHCO(CH2)n)NR'R* 



reflux 




O NO2 



sodium sulphide 
aq. ethanol, reflux 



O NHCO(CH2)mNR'R^ 

CI(CH2)nC0a 




toluene , reflux 




NHC0(CH2)mN R'R' 



O NHC0(CH2)nCI 



R^'R* NH, ethanol 
reflux 



O NHCO(CH2)mNR'R^ 

r 

O NHCO(CH2)J^ R'R*' 
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wherein the definition of R^' and R^' is the same as 
that for R^ and R^ above (with the proviso that R^' is not 
the same as R^ and/or R^' is not the same as R^) and m has 
the same meaning as n. 
5 The skilled reader will appreciate that 

anthraqui nones of formula (II) in which the two groups R^ 
are not the same and/or the two groups R* are not the same 
may be produced using an analogous reaction scheme. 

The invention provides a process for the production 

10 of a salt of an anthraquinone of any of formulae (I) to 
(IV) as defined above by subsequent alkylation treatment 
of a precursor compound of any of formulae (I) to (IV) , 
preferably jvith an allqrL halide^ or aralkyl halide,- to form 
the corresponding quaternary ammonium halide salt . 

15 Physiologically acceptable salts according to the 

invention which may be conveniently used include 
physiologically acceptable acid addition salts, including 
the hydrochloride, acetate, maleate and, in particular, 
quaternary (eg methyl or ethyl iodide) salts. Preferred 

20 quaternary salts of compounds of formula (I) or (II) 

include those in which -N^R'R^R^X' or -N^R^R^R^X" have the 
same NR^R^ or NR^R* substituent groups and R' is -CH3 or - 
CH2CH3 and X" is a iodide or physiologically acceptable 
anion. 

25 Acid addition salts according to the invention 

include mono- and di-carboxylic acids in which the non- 
carbonyl moiety of the carboxylate grouping is selected 
from straight or branched chain alkyl (e.g. methyl, n- 
propyl, n-butyl or t -butyl ) ; cyclic alkyl (e.g. 

30 cyclohexyl) ; alkoxyalkyl (e.g. methoxymethyl) , 

carboxyalkyl (e.g. carboxyethyl) , aralkyl (e.g. benzyl), 
aryloxyalkyl (e.g. phenoxymethyl) , aryl (e.g. phenyl 
optionally substituted by halogen, C^.^ alkyl or Cj^,^ alkoxy 
or amino) ; sulfonic acids such as alkyl- or aralkyl- 

35 sulfonate (e.g. raethanesulfonate) ; mono- or di-phosphoric 
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acids which may or may not be blocked, amino acids (e.g. 
L-valine or L-isoleucine) and nitrates. With regard to 
these acid components, unless otherwise specified, any 
alkyl moieties present in such acids preferably contain 1 
5 to 18 carbon atoms, particularly 1 to 4 carbon atoms, in 
the case of straight chain alkyl groups, or 3 to 7 carbon 
atoms in the case of branched or cyclic alkyl groups. Any 
aryl moiety present in such acids advantageously comprises 
a phenyl group. 

10 Any reference herein to any of the above compounds of 

the invention also iriGl-iides a re-fsrsiiGG to a 

physiologically acceptable salt thereof. 

ParticulaF^ anthi^quindn bf Tormula (I) include : 

1,4-Bis [3- (dimethylamino)propionaraido] anthracene-9, 10- 
15 dione (BSU-1062) ; 

1, 4-Bis [3- (dipropylamino)propionamido] anthracene-9, 10- 

dione (BSU-1079) ; 

1, 4-Bis [3- (dibutylamino) propionamido] anthracene-9, 10 -dione 
(BSU-1084); 

20 1, 4-Bis [3- (pyrrolidine) propionamido] anthracene-9, 10 -dione 

(BSU-1074) ; 

1, 4-Bis [3- (4 -morpholino) propionamido] anthracene-9, 10 -dione 
(BSU-1076) ; 

1 , 4-Bis (4 -piperidinobutyramido) anthracene-9 , 10 -dione 
25 (BSU-9027) . 

Particular anthraguinones of formula (II) include: 
2, 6-Bis [3- ( dime thy lamino) propionamido] anthracene-9, 10- 
dione {BSU-1060) ; 

2 , 6-Bis [2- (bis (2-hydroxyethyl) amino) acetamido] anthracene- 
30 9,10-dione (BSU-1065) ; 

2, 6-Bis [3- (dipropylamino) propionamido] anthracene-9, 10- 
dione (BSU-1082) ; 

2 , 6-Bis [3- (dibutylamino) propionamido] anthracene-9, 10 -dione 
(BSU-1085) ; 

35 2, 6-Bis [3- (1 -pyrrolidine) propionamido] anthracene-9, 10- 
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dione (BSU-1078) ; 

2, 6-Bis [3- [ (2-hydroxyethyl) ethylamino] propionamidol 
anthracene-9, 10-dione (BSU-6001) ; 

2, 6-Bis [3- (hexamethyleneiinino)propionamido] anthracene- 
5 9,10-dione (BSU-9080) ; 

2 , 6-Bis [3- (heptamethyleneimino) propionamido] anthracene- 
9,10-dione (BSU-9081) ; 

2, 6-Bis [3- (l^,N-diethyl-2V'-Tnethylethylenediamino) 
propionamido] anthracene- 9, 10 -dione {BSU-9082) ; 
10 2 , 6-Bis [3 - (Tnethylamino).propionamido] anthracene-9 , 10 -dione 

/,lDC!T.T.^OOO.O_\ - 
\ w «^ \j \j ^ f f 

2, 6-Bis [3- (azetidino) propionamido] anthracene-9, 10-dione 
(BSTPWiB¥n ^" — 

2 , 6-Bis [3- (1, 3 , 3 -trimetliyl-6-azabicyclo [3.2.1] octano) 
15 propionamido] antliracene-9, 10-dione (BSU-9085) ; 

2 , 6 -Bis [3 - (N, N-dimethyletliylenediamino) propionamido] 

anthracene-9, 10-dione (BSU-6004) . 

Particular pliarmaceutically acceptable salts of the 

anthraquinones of formula (I) include the corresponding 
20 hydrochloride salts, acetic acid salts, and: 

1,4 -Bis [3- (dime thylamino) propionamido] anthracene -9, 10- 

dione N,N' -dimethiodide {BSU-1063) ; 

1/ 4-Bis [3- (dimethylamino) propionamidol anthracene- 9, 10- 
dione N,N'-diethiodide (BSU-1068) ; 
25 1,4 -Bis [3- (dipropylamino) propionamido] anthracene- 9, 10- 
dione N,N' -dimethiodide (BSU-1080) ; 

1, 4-Bis [3- (dibutylamino) propionamido] antliraGene-9, 10-dione 
N,N' -dimethiodide {BSU-1087) ; 

1,4-Bis [3- (1-pyrrolidino) propionamido] anthracene-9, 10- 
30 dione N,N' -dimethiodide (BSU-1075) ; 

1,4 -Bis [3- (4-morpholino) propionamido] anthracene- 9, 10-dione 
N,N' -dimethiodide (BSU-1077) ; 

1,4 -Bis (4-piperidinobutyramido) anthracene- 9, 10-dione N,N'- 
Dimethiodide (BSU-9031) . 
35 Particular pharmaceutically acceptable salts of the 
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anthraquinones of formula (II) include the corresponding 
hydrochloride salts, acetic acid salts, and: 
2, 6-Bis [3- ( dime thy lamino)propionamido] anthracene -9, 10- 
dione N , N ' - dimethiodide ( BSU- 1061); 
5 2, 6-Bis [3- (dimethylamino)propionamido] anthracene- 9, 10- 
dione N,N' -diethiodide (BSU-1067) ; 

2, 6-Bis [3- (dipropyl amino) propionamido] anthracene-9, 10- 
dione N,N' -dimethiodide (BSU- 1083) ; 

2 , 6-Bis [3 - (dibutylamino) propionamido] anthracene-9 , 10-dione 
10 N,N' -dimethiodide (BSU-1086) ; 

2 , 6-Bis [3 - (1-pyrrolidino) propionamido] anthracene-9 , 10- 
dione N,N' -dimethiodide (BSU-lOBl) ; 

2 , 6 -Bis p - L( 2 -hydroxyethyl ) ethylamino] propionamido] = 
anthracene-9, lO-dione -Dimethiodide {BSU-6002) ; 

15 2,6 -Bis [3 - (hexamethyleneimino) propionamido] anthracene- 
9, 10-dione 1^, -Dimethiodide (BSU-9087) ; 
2, 6-Bis [3- (azetidind) propionamido] anthracene-9, 10-dione 
N,2\r' -Dimethiodide (BSU- 9088) ; 

2 , 6-Bis [3- (heptamethyleneimino) propionamido] anthracene- 
20 9, 10-dione -Dimethiodide (BSU-9089) ; 

2, 6-Bis [3- {l,3,3-trimethyl-6- 

azabicyclo [3.2.1] octano) propionamido] anthracene-9 , 10- 
dione -Dimethiodide (BSU-9091); 
2,6-Bis [3- {l\r,l^r-diethyl-W'- 
25 methylethylenediamino) propionamido] anthracene-9 , 10-dione 
-Dimethiodide {BSU-9097) ; 
2, 6-Bis [3- (heptamethyleneimino) propionamido] anthracene- 
9, 10-dione maleate salt (BSU-9086) ; 

2, 6-Bis [3- (azetidino) propionamido] anthracene-9, 10-dione 
30 maleate salt (BSU-9090) ; 

2, 6-Bis [3- (l,3,3-trimethyl-6- 

azabicyclo [3.2.1] octano) propionamido] anthracene-9 , 10- 
dione maleate salt (BSU-9092) ; 

2 , 6-Bis [3 - (heptamethyleneimino) propionamido] anthracene- 
35 9, 10-dione maleate salt (BSU-9093) ; 
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2, 6 -Bis [3- {W,i^-diethyl-N'- 

methylethylenediamino) propionatnido] anthracene - 9 , 10 - dione 
maleate salt (BSU-9094) . 

Particular emthraquinones of formula (III) include: 
5 1,4-Bis [3- (2-hydroxymethyl-l- 

piper idino) propionatnido] anthracene- 9, 10 -dione (BSU-1057) ; 
1, 4 -Bis [3- (diethylaTnino)propionaTnido] anthracene-9, 10 -dione 
(BSU-1070) ; 

1,4-Bis [3- (2- (2 -hydroxys thyl) -1- 
10 piperidino) propionatnido] anthracene-9, 10 -dione (BSU-1064) ; 
1 , 4 -Bis [3 - { 1 -piperidino) propionamido] anthracene-9 , 10 -dione 
(BSU-1071) . 

^ _ ^ Particular, anthraquinones- of formula (IV) include: 
2,6-Bis[3-{2'- hydroxyme t hyl - 1 - 
15 piperidino) propionamido] anthracene-9, 10 -dione (BSU-1040) ; 
2, 6-Bis [3- (2- (2-hydroxyethyl) -1- 

piperidino) propionamido] anthracene-9, 10 -dione (BSU-1035) ; 
2,6-Bis [3- (4- (2-hydroxyethyl) -1- 

piperidino) propionamido] anthracene-9, 10 -dione (BSU-1038) ; 
20 2,6-Bis[3- (bis(2- 

hydroxyethyl) amino) propionamido] anthracene-9 , 10 -dione 
(BSU-1041) . 

Particular quaternary ammonium salts of the 
anthraquinones of formula (III) include: 
25 1, 4-Bis [3- (2-hydroxymethyl-l-piperidino)propionamido] 
anthracene-9, 10 -dione N,N' -dimethiodide (BSU-1058) ; 
1 , 4-Bis [3- (diethylamino) propionamido] anthracene-9 , 10 -dione 
N,N' -dimethiodide (BSU-1073) ; 

1, 4-Bis [3- (1 -piperidino) propionamido] anthracene-9, 10 -dione 
30 N,N' -dimethiodide (BSU-1072) . 

Particular pharmaceutically acceptable acid addition 

salts of the anthraquinones of formula (IV) include: 

2, 6-Bis (3 - (1 -piperidino) propionamido) anthracene-9, 10 -dione 

diacetate (BSU-1021) ; 
35 2, 6-Bis (2- (4-morpholino) acetamido) anthracene-9, 10 -dione 
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dlacetate (BSU-1022) ; 

2 , 6-Bis (2-diethylaminoacetaraido> anthracene-9 , 10-dione 
diacetate (BSU-1024) ; 

2, 6-Bis (3- (4-morpholino)propionamido)anthracene-.9, 10-dione 
5 diacetate (BSU-1028) ; and 

2, 6-Bis (3- (4- (2-hydroxyethyl) -1-piperazino) -propionamido) 
anthracene-9, 10-dione diacetate (BSU-1043) • 

Particular quaternary ammonium salts of the 
anthraquinones of formula (IV) include: 

10 2 , 6-Bis [3- (2- (2-hydroxymethyl) -1 -piper idino)propionamido] 
anthracene-9, 10-dione N, N' -dimethiodide (BSU-iosi) ; 
2, 6-Bis [3- (4- (2-hydroxyethyl-l-piperidino)propionamido] 

^ anthracene^9 rl0-dione N>N^ -dimethiodide-^{fiSU-i050 )7^^ ^ ^ 
2, 6-Bis [3-bis{2- 

15 hydroxyethyl) amino) propionamido] anthracene-9 , 10-dione 
N,N' -dimethiodide (BSU-1052) . 

In addition to the above, compounds of formulae (I), 
(ID, (III) and (IV) which are at least as active as 2,6- 
bis [3- (piperidino) propionamido] anthracene-9, 10-dione 

20 acetate (BSU-1021) in the in vitro TRAP assay of 
Biological Assay are especially preferred. 

The anthraquinones of formulae (I), (II), (HI) and 
(IV) may be used in vitro or in vivo as telomerase 
inhibitors. For in vitro use, the compounds will be 

25 useful in the development and standardization of assays 
for telomerase and inhibitors thereof and in gene probe - 
based applications, or biological/molecular biological 
applications, for example microscopy. For example, in a 
preferred assay format described herein, telomerase is 

30 . obtained from a partial purification of a mammalian cell 
extract . In order to standardize the activity of the 
assay or results for telomerase inhibitors using the 
assay, compounds of the invention may be used, e.g. those 
compounds which have already been used in previous assays 

35 of the same format using different cell extracts. 
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For in vivo use the compounds will be used in methods 
of treatment of uncontrolled cell proliferation, 
particularly cancers. Such cancers include leukaemias, 
small cell and nonr small cell lung cancer, ovarian, 
5 breast, gastric, liver, cervical, colorectal, bladder, 
.renal, stomach, brain, prostate, testicular, head and 
neck, skin and thyroid cancers, melanomas, non-Hodgkin' s 
lymphoma, leukaemias, sarcomas and neuro-blastoma. 

Because the inhibition of telomerase activity in a 

10 cell will not necessarily lead to cell death immediately 
the anthraquinones of formulae (I) , (II) . (Ill) and (IV) 
may be relatively slow acting. In view of this these 
compounds .may be= used as a single agent- or in= combinatioxT 
with other anti-cancer compounds, particularly cytotoxic 

15 compounds such as doxorubicin, cisplatin, or other anti- 
cancer treatments such as radiation, ADEPT (antibody- 
directed enzyme prodrug therapy) , VDEPT (vector-directed 
enzyme prodrug therapy) , and GDEPT (gene -directed enzyme 
prodrug therapy) . 

20 For example, a patient may first be treated with 

another ant i -cancer compound or treatment which will 
destroy a sxibstantial portion of the cancer. 
Alternatively, a patient may be treated simultaneously 
with another ant i -cancer compound or treatment which will 

25 destroy a substantial portion of the cancer. In order to 
treat or control the regrowth of any residual primary 
tumour cells which may be resistant to the main therapy, 
anthraquinones of formulae (I), (II), (III) or (IV) may be 
administered to the patient over prolonged periods of 

30 time. 

Such chronic administration may also be appropriate 
to prevent or treat secondary tumours in the event that 
metastatic spread of the primary tumour occurs. 
Anthraquinones of the formulae (I), (II), (III) or (IV) 
35 may also be used in conjunction with other compounds 
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designed to prevent or treat metastases, particularly 
matrix metalloproteinase inhibitors (MMIs) . 

Combined therapy with second compounds such as MMIs 
will be particularly advantageous since the second 
5 compound (s) can target a separate locus within the tumour 
cell, for example in the case of MMIs the enzymes 
responsible for invasion of the tumour cells. In this 
manner the tumour cells may be prevented from spreading 
for sufficient time such to inhibit telomerase activity 
10 for long enough to allow the cells to differentiate and/or 
senesce . 

The anthraquinones of formulae (I), (II), (III) or 
(IV| may be administered=to mammals including humans^by 
any route appropriate to the condition to be treated, 

15 suitable routes including oral, rectal, nasal , topical 

(including buccal and sublingual) , vaginal and parenteral 
( including subcutaneous , intramuscular , intravenous , 
intradermal, intrathecal and epidural) . It will be 
appreciated that the preferred route may vary with, for 

20 example, the condition of the recipient. 

For each of the above -indicated utilities and 
indications the amount required of the individual active 
ingredients will depend upon a number of factors including 
the severity of the condition to be treated and the 

25 identity of the recipient and will ultimately be at the 
discretion of the attendant physician* In general, 
however, for each of these utilities and indications, a 
suitable, effective dose will be in the range 0,01 to 50 
mg per kilogram body weight of recipient per day, 

30 preferably in the range 0.01 to 20 mg per kilogram body 

weight per day and most preferably in the range 0.01 to 10 
mg per kilogram body weight per day (unless otherwise 
indicated all weights of active ingredient are calculated 
as the parent compound; for salts thereof the figures 

35 would be increased proportionately.) 



SUBSTITUTE SHEET (RULE 26) 



> 



wo 98/25885 PCT/GB97/03446 



- 25 - 

The desired dose may if desired be presented as two, 
three, four or more sub-doses administered at appropriate 
intervals throughout the day. These sub-doses may be 
administered in unit dosage forms, for example, containing 
5 0.1 to 3000 mg, preferably 0.1 to 650 mg of active 
ingredient per unit dosage form. 

Doses of compounds of the invention may be 
administered at sub-daily, or daily intervals, or less 
frequently, for example on alternate days, weekly or 

10 fortnightly. In general the doses will be the same as the 
above daily dose although higher doses, particularly when 
foinniilated to be released over a prolonged period of time, 
may be used. 

While it is possible for the compounds to be 

15 administered alone it is preferable to present them as 
pharmaceutical formulations. The formulations of the 
present invention comprise at least one active ingredient, 
as above defined, together with one or more acceptable 
carriers thereof and optionally other therapeutic 

20 ingredients. The carrier (s) must be "acceptable" in the 
sense of being compatible with the other ingredients of 
the formulation and not deleterious to the recipients 
thereof . 

The formulations include those suitable for oral, 
25 rectal, nasal, topical (including buccal and sublingual) , 
vaginal or parenteral (including subcutaneous, 
intramuscular, intravenous, intradermal, intrathecal and 
epidural) administration. The formulations may 
conveniently be presented in unit dosage form and may be 
30 prepared by any of the methods well known in the art of 

pharmacy. Such methods include the step of bringing into 
association the active ingredient with the carrier which 
constitutes one or more accessory ingredients. In general 
the formulations are prepared by uniformly and intimately 
35 bringing into association the active ingredient with 



SUBSTITUTE SHEET (RULE 26) 



W098/258S5 PCT/GB97y03446 

- 26 - 

liquid carriers or finely divided solid carriers or both, 
and then, if necessary, shaping the product. 

Formulations of the present invention suitable for 
oral administration may be presented as discrete units 
5 such as capsules, cachets or tablets each containing a 

predetermined amount of the active ingredient; as a powder 
or granules; as a solution or a suspension in an aqueous 
liquid or a non-aqueous liquid; or as an oil-in-water 
liquid emulsion or a water- in-oil licjuid emulsion. 

10 A tablet may be made by compression or moulding, 

optionally with one or more accessory ingredients. 
Compressed tablets may be prepared by compressing in a 
suitable machine the active ingredient in a free-flowing 
form such as a powder or granules, optionally mixed with a 

15 binder (e.g. povidone, gelatin, hydroxypropylmethyl 
cellulose) , lubricant, inert diluent, preservative, 
disintegrant (e.g. sodium starch glycolate, cross-linked 
povidone, cross-linked sodium carboxymethyl cellulose) , 
surface -active or dispersing agent. 

20 A capsule may be made by filling a loose or 

compressed powder on an appropriate filling machine, 
optionally with one or more additives. Examples of 
suitable additives include binders such as povidone; 
gelatin, Ixibricants, inert diluents and disintegrant s as 

25 for tablets. 

Compositions suitable for transdermal administration may 
be presented as discrete patches adapted to remain in 
intimate contact with the epidermis of the recipient for a 
prolonged period of time. Such patches suitably contain 

30 the active compound 1) in an optionally buffered, aqueous 
solution or 2) dissolved in an adhesive or 3) dispersed in 
a polymer. A suitable concentration of the active 
compound is about 1% to 35%, preferably about 3% to 15%. 
Formulations suitable for parenteral administration 

35 include aqueous and non-aqueous sterile injection 
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solutions which may contain ant i- oxidants, buffers, 
bacteriostats and solutes which render the formulation 
isotonic with the blood of the intended recipient; and 
aqueous and non-aqueous sterile suspensions which may 
5 include suspending agents and thickening agents, and 
liposomes or other microparticulate systems which are 
designed to target the compound to blood components or one 
or more organs. The formulations may be presented in 
unit-dose or multi-dose containers, for example sealed 

10 ampoules and vials, and may be stored in a freeze-dried 

(lyophilized) condition xe<P-Air-ing only the addition of the 
sterile liquid carrier, for example water for injections, 
- immedlately-^prior^ to use ; ~' 

Where anthraquinones of the formulae (I) , (II), (III) 

15 or (IV) are used in conjunction with second anti-cancer 
compounds, the active ingredient (s) and pharmacologically 
active agents may be administered together or separately 
and, when administered separately this may occur 
simultaneously or sequentially in any order. The amounts 

20 of the active ingredient (s) and pharmacologically active 
agent (s) and the relative timings of administration will 
be selected in order to achieve the desired combined 
therapeutic effect. 

The anthraquinones of formula (I) and (II) may be 

25 produced by various methods known in the art of organic 

chemistry in general. Starting materials are either known 
and readily available from commercial sources or may 
themselves be produced by known and conventional 
techniques. 

30 The following examples illustrate the invention. For 

the purposes of clarity, the examples are presented in two 
sections; section A illustrates the synthesis of 
anthraquinones of foarmulae (I), (II), (III) and (IV) and 
salts thereof, and section B illustrates the biological 

35 assays of compounds of the invention. 
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Section A - Preparative Methods 

Preparative method for anthraauinone free bases of formula 
(I) and acid addition salts thereof: 

5 Example 1 

1 , 4 -Bis [3 - (dimethylamino) propionamido] anthracene- 9 , 10 - 
dione (BSn-1062) 

(A) Aminolysis of 1, 4-bi8 (3- 
chloropropionamido) an thraquinone 

10 Dimethylamine (5.4 mL of 33% EtOH solution, 0.03 mol) 

was added during 15 min to a stirred, refluxing suspension 
of 1, 4-bis (3-chloropropionamido) anthracene -9, 10 -dione 
( intermediate- B ; 1 -g-7 2 .-4— mmol r prepared by- the published 
procedure of Collier & Neidle, J". Med. Chem. 1988, 31, 

15 847-857) in EtOH (50 mL) . After reflux for 40 min, at 

which time TLC (silica gel; EtOH) indicated completion of 
reaction, the mixture was concentrated to 25 mL by solvent 
removal and chilled to 0-5 ""C using an external ice- water 
bath. The solid that separated was removed by filtration 

20 and washed with dry ether to give the title product (1.02 
g, 91%) as an amorphous brown solid, mp 167-168 °C. 

(B) Preparation of hydrochloric acid addition salt 
(General Procedure) 

Dry HCl gas is passed into a rapidly stirred solution 
25 or suspension of the aminoamide (1-2 mmol) in acetone 

cooled to 0-5 **C, until saturation is achieved. The solid 
which separates is collected by filtration, washed with 
dry ether (3 x 20 mL) , and finally dried in vacuo (P2O5, <1 
mm Hg) at 25 ^'C. 
30 Treatment of the free base using this general 

procedure gave the dihydrochloride salt (95%) as an 
amorphous powder: mp >280 ^'C dec; NMR 6 2.24 (s, 12H, 
NCH3), 2.64 (br m, 8H, COCKjCHjN) , 7.93 (m, 2H, H-6,7), 8.18 
(m, 2H, H-5,8), 8.89 (s, 2H, H-2,3), and 12.27 (s, D^O 
35 removes, 2H, CONH) ; IR (KBr) 3435 (NH) , 3247, 2944, 1697 
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(C=0), 1636 (quinone C=0) , 1592, and 1582 cm'^; UV/vis 
[CaiaOH, X (log €)], 254 (5.77), 310 (5.05), and 463 (4.84) 
ntn; MS (rel intensity) m/z 436 ( [Ml *, 6) , 391 ( [M-CjH^] *, 
7), 346 ( [W-C.Hi^Nj] 56), 292 ( [M-CH.gNaO] 36), 238 ( [M- 
5 CioHisNjOa] *, 50), and 56 ( [CaH^O] 100). Anal. Found: C, 
65.11; H, 6.30; N, 12.51%. C24H28N404- 0 . 25H2O requires C, 
65.36; H, 6.51; N, 12.70%. 

Example 2 

10 1^4-Bis [3- (dlpropylamino)propionamldo] anthracene- 9 ,10- 
dione (BSU-1079) 

Dipropylamine (1.2 g, 0.012 mol) in EtOH (10 mL) was 

....... _added during^l5^min=to a stirred, refiuxing=-suspension^of 

intermediate B (0.5 g, 1.2 ramol) in EtOH (40 mL) . After 2 

15 h of reflux, at which time TLC (silica gel; EtOH-CHaCla 1;1 
v/v as eluent) indicated completion of reaction, the 
mixture was chilled to 0-5 °C and water (50 mL) was added. 
The precipitated solid was filtered, washed with water and 
dried in vacuo at 40 ""C. The free base (0.58 g, 89%) was 

20 obtained as a red brown solid, mp 97-98 °C. The derived 
dihydrochloride salt was prepared, using the general 
procedure- outlined above for BSU-1062, in the form of an 
amorphous powder: mp 212-213 **C. Anal. Found: C, 69.56; H, 
8.02; N, 10.12%. C32H44N4O4 • 0 . 2 5H2O requires C, 69.47; H, 

25 8.11; N, 10.13%. 

Example 3 

1 , 4 -Bis [3 - (dibutylamino) proplonamido] anthracene- 9 , 10 -dione 
(BSU-1084) 

30 Dibutylamine (1.6 g, 0.012 mol) in EtOH (10 mL) was 

added during 15 min to a stirred, refluxing suspension of 
intermediate B (0.5 g, 1.2 mmol) in EtOH (40 mL) . After 3 
h refliox, at which time TLC (silica gel; EtOH-CH2Cl2 1:1 
v/v as eluent) indicated completion of reaction, the 

35 solvent was removed and the solid washed with water, 
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filtered and dried in vacuo, at 30 °C {P2O5) . The free base 
product (0.63 g, 88%) was obtained as a red-brown solid, 
mp 51-52 '^C. The dihydrochloride salt, itip 190-191 was 
prepared from the free base using the general procedure 
5 described above for BSU-1062. Anal. Found: C, 70.87; H, 
8.50; N, 9.16%. C3gH52N404- 0 . 25HjO requires C, 70.96; H, 
8.68; N, 9.19%. 

Example 4 

10 1,4-Bis [3- (l-pyrrolidino)propionainido] anthracene -9,10- 

dioas {BSU-1G74) 

Pyrrolidine (1.7 g, 0.024 mol) in EtOH (10 mL) was 
addedniurihg 15 mih to^ a" stirred, ref liixing suspension of 
intermediate B (1 g, 2.4 mmol) in EtOH (60 mL) . After 

15 reflux for 40 min, TLC (silica gel; EtOH-CHjClj 1:1 v/v as 
eluent). indicated completion of reaction. The mixture was 
chilled to 0-5 °C and water (100 mL) was added. The 
precipitated solid was filtered, washed with water and 
dried in vacuo at 40 °C. The title compound (1.16 g, 97%) 

20 was obtained as a red-brown solid, mp 163-164 ^^C. The 

corresponding dihydrochloride salt was prepared, using the 
general procedure outlined for BSU-1062 above, in the form 
of an amorphous powder: mp 264-265 dec; NMR 6 1.72 (m, 
8H, pyrr. H-3,4), 2.50 (m, 8H, pyrr. H-2,5), 2.65 (t, J* = 

25 6.6 Hz, 4H, COCHjCHjN) , 2.80 (t, cJ = 6.6 Hz, 4H, COCHjCHjN) , 
7.94 (m, 2H, H-6,7), 8.18 (m, 2H, H-5,8), 8.89 (s, 2H, H- 
2,3), and 12.30 (s, D2O removes, 2H, CX)NH) ; IR (KBr) 3410 
(NH) , 2961, 2798, 1697 (C=0) , 1636 (quinone C=0) , 1592, 
and 1583 cm'S- UV/vis [CH3OH, X (log c)l, 253 (5.66), 312 

30 (4.98), and 459 (4.82) nm; MS (rel intensity) m/z 488 

{[M] \ 3), 417 ([M-C^H^]*, 29), 346 ( [M-CeHjeNj 72), 292 
([M-C^iH^oNjO] *, 40), 238 ( [M-C^.H^^N^Oj 61), 84 ( [C5H10N] 
49), and 55 ( [C3H3O] 87). Anal. Found: C, 68.25; H, 6.50; 
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N, 11.34%. C28H32N404- O.25H2O requires C, 68.20; H, 6.64; N, ^' 
11.36%. 

Example 5 

5 1, 4 -Bis [3 - (4-9iorpholino) proplonamido] anthracene- 9 , 10-dione 
(BSn-1076) 

Morpholine (2,1 g, 0.024 mol) in EtOH (1.0 mL) was 
added during 15 min to a stirred, refluxing suspension of 
intermediate B (1 g, 2.4 mmol) in EtOH (60 mL) . After 3 h 
10 of reflux, TLC (1:1 v/v EtOH-CHsClj) indicated reaction 

(100 mL) was added; the precipitated solid was filtered, 
wasfied^ with water and dried iii vacuo at 40 to give tl^ 
title l,4-bis(amido)anthraquinone (1.15 g, 93%) as a red- 

15 brown solid, mp 186-187 ®C. The dihydrochloride salt was 
prepared in the form of a powder using the general 
procedure described for BSU-1062 above: rap 274-275 °C dec.; 
NMR 5 2.45 (t, J" = 4.6 Hz, BH, N ( CH2CH2 ) 2O ) / 2.52-2.68 (ABq, 
8H, COCH2CH2N), 3.61 (t, J" = 4.6 Hz, 8H, N{CH2CH2) 2O) , 7.95 

20 (ra, 2H, H-6,7), 8.20 (m, 2H, H-5,8), 8.88 (s, 2H, H-2,3), 
and 12.20 (s, 2H, D2O removes, CONH) ; IR (KBr) 3415 (NH) , 
3157, 2957, 1697 (C=0) , 1636 (quinone C=0) , 1592, and 1584 
cm'S- UV/vis [CH3OH, X (log e)], 254 (5.85), 314 (5.11), and 
465 (4.89) nra; MS (rel intensity) m/z 520 { [W] 20), 433 

25 ( [/if-C4H9NOl 15), 346 ( [M-CfiHieNjOj] % 17), 292 ( [AT- 

CiiHjoNjOj *, 37), 238 ( [M-Ci^HjjNjOj •\ 35), 100 ( [CsHjoNO] 
100), 86 ([C,H8N0] \ 55), and 56 ( [C3H4O] 46). Anal. 
Fotind: C, 64.63; H, 6.13; N, 10.72%. CjeHa^N^Oe requires C, 
64.60; H, 6.20; N, 10.76%. 

30 

Example 6 

1 , 4 - Bis (4 - piperidinobutyramido) anthracene - 9 ^ 10-dione 
(BSU-9027) 

35 1,4-Bis (4-chlorobutyramido) anthracene -9, 10-dione 
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(BSn-9025) 

To a stirred suspension of 1, 4-diaininoanthraquinone (3.0 
g, 12.6 mmol) and pyridine (0.5 ml) in toluene (500 ml) at 
70 *C was added dropwise 4-chlorobutyryl chloride (6.7 ml, 
5 60 mmol) in toluene (100 ml) over 1 hour. The mixture was 
stirred at 70 ^'C for 6 hours and filtered whilst still 
warm. The solids were washed with DCM (50 ml) and the 
combined filtrate evaporated in vacuo. The residue was 
dissolved in chloroform and treated with decolourising 

10 charcoal. Filtration and evaporation under reduced 

pressure afforded the crude product. Recrystallisation 
from DMF-EtOH (2:1 v/v) gave chloroamide BSn-9025 (4.38 g, 
"78%) as dark^-red crystals; mp=210 'C; NMR-6 (GDeiy)— 2n 27 
(4H, quintet, J= 6.7, CHaCHjCHj) , 2.77 (4H, t, J = 6.7, 

15 COCHa), 3.71 (4H, t, J = 6.7, CH2CI) , 7.84 (2H, dd, iJ = 

5.8, 3.3, H-6,7), 8.29 {2H, dd, J= 5.8, 3.3, H-5,8), 9.16 
{2H, s, H-2,3), 12.63 (2H, s, NH) ; MS (rel intensity) m/z 
447 (37), 343 (42), 239 (100); Calcd ( [M+1] *) 447.0878. 
Found 447.0870; Anal. Calcd (C22H20N2O4CI2) : C, 59.07; H, 

20 4.51; N, 6-26; Cl, 15.85. Found C, 59.09; H, 4.65; N, 
6.24; CI, 16.05. 

1, 4-Bi8 (4*piperidinobutyramido) anthracene -9, 10 -dione 
(BSn-9027) 

25 To a stirred solution of l,4-bis(4- 

chlorobutyraraido)anthracene-9,10-dione BSTJ-9025 (100 mg, 
0.24 mmol) and Nal (0.1 g) in DMA (4 ml) at 70 •C was 
added piperidine (0.^1 ml, 1 mmol) . The mixture was stirred 
at 70 °C for 5 hours. The solvent was removed under 

30 reduced pressure and the residue dissolved in chloroform 
(25 ml) , washed with water (10 ml) and dried. Evaporation 
gave the crude product which was recrystallised from EtOH 
to afford amide BSU-9027 (50 mg, 38%) as red needles; mp 
136-137 *»C; NMR 6 (CDCI3) 1.44 (4H, m, (CHaCHj) jCHj) , 1.58 

35 (8H, m, N(CH2CH2)2), 2.00 (4H, quintet, J = 7.3, COCHjCHj) , 
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2.41-2.61 {16H, m, COCH2CH2CH2N and N (CH2CH2) 2) . 7,82 (2H, 
dd, J= 5.8, 3.3 H-6,7), 8.28 (2H, dd, J= 5.8, 3.3, H- 
5,8), 9.18 (2H, s, H-2,3), 12.54 (2H, S, NH) ; MS (rel 
intensity) m/z 545 (100), 459 (7), 307 (12); Calcd ( [M+1] *) 
5 545.3128. Found 545.3120; Anal. Calcd (C32H40N4O4) : C, 70.56; 
H, 7.40; N, 10.28. Found C, 70.26; H, 7.30; N, 10.23. 

Preparative Method for anthraquinone free bases of Formula 
(II) and acid addition salts thereof: 

10 

Example 7 

2, 6-Bis [3- (dimethylamino) propionamido] anthracene-9, 10- 
dione (BSU-1060) - — — 

[A) Aminolysis of 2, S-bis (3- 

15 chloropropionamido) an thraquinone 

Dimethylamine (20 mL, 0.112 mol as a 33% EtOH 
solution) was added dropwise during 15 min to a stirred, 
refluxing suspension of 2, 6 -bis (3- 

chloropropionamido) anthracene- 9 , 10-dione (intermediate A; 

20 4 g, 9.5 mmol; prepared by the published procedure of 
Agbandje et al., J". Med, Chem. 1992, 35, 1418-1429) in 
EtOH (100 mL) . After reflux for 4 h, thin-layer 
chromatog[raphy (TLC - silica gel; EtOH) indicated reaction 
completion and the mixture was chilled to 0-5 °C using an 

25 external ice-water bath. It was found that the reflux time 
is reduced to 2 h if a catalytic quantity of either sodium 
or potassium iodide (e.g. 0.5-2 g) is added to the initial 
reaction mixture. The solid that separated was removed by . 
filtration and washed with dry ether to give the title 

30 compound (3.84 g, 92%) as an amorphous brown solid, mp 
>300 ^C. 

(B) Preparation of acetic acid addition salt (General 
Procedure) 

A solution of the anthraquinone free base (1-2 mmol) 
35 in glacial acetic acid (15 mL) is heated to 50-60 °C, then 
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treated with decolourizing charcoal (250 mg) and filtered. 
Trituration of the clear filtrate with anhydrous ether 
gives a hygroscopic precipitate. This solid is digested 
repeatedly with dry ether (3 x 50 mL) , filtered, washed 
5 with ether, and finally dried in vacuo (P2O5, <1 ram Hg) at 
25 ^C. 

Treatment of the 2, 6-bis (amido) anthraquinone using 
this general procedure gave the acetic acid addition salt 
(85% yield): mp >300 °C; NMR 5 2.19 (s, 12H, UCH^) , 2.51 

10 (t, J = 5.2 Hz, 4H, COCH2CH2N), 2.58 (t, J = 5.2 Hz, 4H, 
COCH2CH2N) . 8.04 (dd, J = 8.6 Hz, J = 1.5 H^.. 2H, H-3,7), 
8.14 (d, J= 8.6 Hz, 2H, H-4,8), 8.41 (d, J= 1.9 Hz, 2H, 
H-1,5) , and-i0^67 (s, D2O removes, 2H, CONH) ;-rR^ (KBr) 3343 
(NH), 2979, 2944, 2822, 2767, 1704 (C=0) , 1659 (quinone 

15 C=0), 1576, and 1527 cm-^• UV/vis [CH3OH, 1 (log e)], 233 

(5.63), 277 (5.83), 305 (5.65), and 352 (5.18) nm; MS (rel 
intensity) m/z 437 ( [M+1] % 2), 436 ( [W] % 4), 391 { [M- 
C2H7N] *, 13), 346 ( [M-C4H14N2] 75), 292 

( [M-C^H.gN^O] *, 45), 238 { [M-CioH.aNjO^] % 80), 56 ( [C3H4O] % 
20 100), and 45 ( [CjH^N] 100). Anal. Found: C, 65.30; H, 
6.23; N, 12.29%. C24H2bN404- 0 . 25H2O requires C, 65.36; H, 
6.51; N, 12.70%. 

, pxample 8 

25 2,6 -Bis [3 - (dipropylamino) propionamido] anthracene- 9 , 10 - 
dione (BSn-1082) 

Dipropylamine (7.3 g, 0.072 mol) in EtOH (10 mL) was 
added during 15 min to a stirred, refluxing suspension of 
intermediate A (3 g, 7.2 mmol) in EtOH (100 mL) . TLC 

30 examination (silica gel; EtOH) after 9 h of reflux 

indicated quantitative removal of starting material. The 
mixture was chilled to 0-5 ""C, and the solid precipitate 
was collected by filtration then washed with dry ether to 
give the title 2, 6-bis (amido) anthraquinone (3,27 g, 84%) 

35 as an amorphous brown solid, mp 204-205 ^'C dec. Treatment 
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with acetic acid using the general procedure outlined 
above for BSU-1060 gave the diacetate salt: mp >200 dec. 
Anal. Pound: C, 69.82; H, 8.16; N, 10.14%. C32H44N4O4 
requires C, 70.04; H, 8.08; N, 10.21%. 

5 

Example 9 

2 , 6 -Bis [3 - (dibutylainino) propionamido] anthracene- 9 , 10-dione 
(BSa-1085) 

Dibutylamine (9.3 g, 0.072 mol) in EtOH (10 mL) was 
10 added during 15 min to a stirred, refluxing suspension of 
intermediate A (3 g, 7.2 mmol) in EtOH (100 mL) . After 9 h 
reflux, at which time TLC (silica gel; EtOH) indicated 
completion-of -react ion, the mixture was chilled to 0-5 **C. 
The solid that separated was removed by filtration, and 
15 washed with EtOH and dry ether to give the title compound 
(3.06 g, 71%) as an amorphous brown solid, mp 173-174 **C. 
The diacetate salt was prepared, using the general 
procedure outlined above for BSU-1060, in the form of a 
powder: mp 144-145 dec. Anal. Found: C, 71.35; H, 8.71; 
20 N, 9.21%. C36H52N4O4 requires C, 71.49; H, 8.67; N, 9.26%. 

Example 10 

2r 6-Bis [3- (1-pyrrolidino) propionamido] anthracene- 9,10- 
dione (BSn-1078) 

25 Pyrrolidine (5.1 g, 0.072 mol) in EtOH (10 mL) was 

added during 15 min to a stirred, refluxing suspension of 
intermediate A (3.0 g, 7.2 mmol) in EtOH (100 mL) . After 4 
h of reflux, at which time TLC (silica gel; EtOH) 
indicated completion of reaction, the mixture was chilled 

30 to 0-5 **C. The solid that separated was removed by 

filtration and washed with ether. Recrystallization from 
DMF-EtOH (4:1 v/v) afforded the title compound (3.3 g, 
94%) as an amorphous brown solid, mp >300 ^'C dec. The 
diacetate salt (acetic acid addition salt) was prepared 

35 using the general procedure described for BSU-1060., as a 
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powder: mp >300 dec.; NMR 6 1.68 *(m, 8H, pyrr. H-3,4), 
2.50 (m, 8H, pyrr. H-2,5), 2.57 (t, tJ = 6.8 Hz, 4H, 
COCHjCKjN), 2.74 (t, J" = 6.8 Hz, 4H, COCHjCHaN) , 8.05 (dd, J 
= 8.6 Hz, J- = 2.0 Hz, 2H, H-3,7), 8.15 (d, J = 8.6 Hz, 2H, 
5 H-4,8), 8.44 (d, J = 2.0 Hz, 2H, H-1,5), and 10.70 (s, DjO 
removes, 2H, CONH) ; IR (KBr) 3348 (NH), 2963, 2790, 1704 
{C=0) , 1660 (quinone C=0) , 1578, and 1523 cm"^; UV/vis 
tCH30H, X (log e)], 233 (5.16), 277 (5.32), 305 (5.15), and 
351 (4.65) nm; MS (rel intensity) m/z 488 ( [W] 4), 417 
10 ([M-C^K^] \ 8), 346 ( [AT-CbHibN^] % 34), 292 ( [M-C.^H^oNjO] 
20), 238 ( I^f-C.-HssN^O^] 7), 84 ( [CsHioN-] 42), and 55 
( [C3H3O] \ 100). Anal. Found: C, 68.19; H, 6.57; N, 11.35%, 
CaiHsiNjO^- 0 . 25H2O requires C, 68T207 H, 6 . 64 ; N, 11 . 3^%1;^ 

15 Example 11 

2, 6 -Bis [2- (bis (2-hydroxyethyl) amino) acetamido] anthracene- 
9,10-dione (BSU-1065) 

Diethanolamine (2.6 g, 0.025 mol) in DMF (5 mL) was 
added during 30 min to a stirred solution of 2,6-bis(2- 

20 chloroacetamido) anthracene- 9, 10 -dione (1.00 g, 2.5 mmol; 

prepared by the published procedure of Agbandje et al., J". 
Med. Chem. 1992, 35, 1418-1429) in DMF (40 mL) heated at 
80 **C. After 4.5 h, TLC [silica gel; EtOH-CHCl3 (3:7 v/v) ] 
indicated completion of reaction. Chilling and trituration 

25 with ether gave a solid that was filtered, and washed with 
water then cold ethanol. The title compound (1.1 g, 80%) 
was obtained as a brown solid, mp 197-198 **C; NMR d 2.70 
(t, J = 5.1 Hz, 8H, NCH2CH2OH), 3.41 (s, 4H, COCHIN), 3.52 
(br. q, iJ 5.0 Hz, 8H, NCHjCH^OH) , 4.81 (t, J 4 . 9 Hz, D2O 

30 removes, 4H, NCHjCHjOH) , 8.08-8.20 (m, 4H, H-3,4,7,8), 8.48 
(s, 2H, H-1,5), and 10.58 (s, DjO removes, 2H, CONH); IR 
(KBr) -3300 (br, OH), 3295 (br, NH) , 2821, 1700 (C=0) , 
1673 (quinone C=0) , 1589, and 1531 cm'S- UV/vis tCHjOH, X 
(log e)], 232 (5.41), 277 (5.59), 305 (5.55), and 349 

35 (5.09) nm. Anal. Found: C, 57.62; H, 6.03; N, 10.40%. 
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C26H32N408- O.75H2O requires C, 57.61; H, 6.23; N, 10.34%. 
Example 12 

2 , S'-Bls [3 - [ (2 -hydroxyethyl) ethylamino] propionamido] 
5 anthrace]ie-9,10-dlone (BSn-6001) 

2, 6-Bis (3-chloropropionamido) anthracene- 9, 10-dione 
(intermediate A; prepared by the published procedure of 
Agbandje et al., J.Med. Chem. , 1992, 35, 1418-1429) was 
treated with ethylaminoethanol according to the general 

10 aminolysis procedure described in Example 7 to give amide 
BSU 6001 (1.56g, 88%) as a pale yellow solid; NMR (CDCI3-) 6 
0.97 (6H, t, J = 7.1Hz, CH3) , 2.55 (12H, m, NCHj) , 2.80 

.... -(All^,^t,-=<J ^-6,5KZi mOify, 3^46— (6H7=t,=~J ="=5 r3Hz , ^CHaOH) , 
8.03 (2H, dd, J = 8.6Hz, 2.1Hz, H-3,7), 8.14 (2H, d, J = 

15 8.5Hz, H-4,8), 8.43 (2H, d, J = 2.1Hz, H-1,5), 10.78 (2H, 
s, NH) , mp 183-184^C 

Example 13 

2 , 6-Bis [3 - (hexamethyleneixnino) propionaxoido] anthracene- 
20 9,10-dione (BSU-9080) 

2, 6-Bis (3-chloropropionamido) anthracene-9 , 10-dione 
(intermediate A; prepared by the published procedure of 
Agbandje et al., J.Med. Chem., 1992, 35, 1418-1429) was 
treated with hexamethyleneimine according to the general 

25 aminolysis procedure described in Example 7 to give amide 

BSU 9080 (l-28g, 65%) as a pale yellow solid; NMR (CDCI3) 6 
0.97 (6H, t, J = 7.1Hz, CH3) , 2.55 (12H, m, NCHj) , 2.80 
(4H, t, J = 6.5Hz, COCH2) , 3.46 (6H, t, J = 5.38Hz, 
CH2OH) , 8.03 {2H, dd, J = 8.6Hz, 2.1Hz, H-3,7), 8.14 (2H, 

30 d, J = 8.5Hz, H-4,8), 8.43 (2H, d, J = 2.1Hz, H-1,5), 
10.78 (2H, s, NH) , mp >360°C 

Example 14 

2, 6-Bi8 [3- (heptamethyleneiiaino) propionamido] anthracene- 
35 9,lQ-dione (BSn-9081) 
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2, 6-Bis {3-chloropropionamido) anthracene-9, 10-dione 
(intermediate A; prepared by the published procedure of 
Agbandje et al., J.Med. Chem., 1992, 35, 1418-1429) was 
treated with heptamethyleneimine according to the general 
5 aminolysis procedure described in Example 7 to give amide 
BSU 9081 (0.3g, 14%) as a yellow solid; NMR (DMSO) 
6l.49(20H,m, CH^) , 2.51 (12H, m, NCHj) , 2.81 (t, J t= 6.5Hz, 
4H, COCH2) , 8.10 (2H, d, J = 8.7Hz, H-3,7), 8.16 (2H, d, J 
= 8.6Hz, H-4,8), 8.42 (2H, s, H-1,5), 10.56 (2H, s, NH) , 
10 mp 258-259*=*C 

Example 15 

methylethylenediamino) propionamido] anthracene- 9 , 10-dione 
15 (BSn-9082) 

2 , 6 -Bis { 3 - chloropropionamido ) anthracene -9,10 -dione 
(intermediate A; prepared by the published procedure of 
Agbandje et al., J.Med. Chem., 1992, 35, 1418-1429) was 
treated with N,i^-diethyl-W-methylenediamine according to 

20 the general aminolysis procedure described in Example 7 to 
give amide BSU 9082 (0.3g, 26%) as a beige solid; NMR 
(CDCI3) 61.17 (12H,t, J = 7.IH2, CH3), 2.31 (6H, s, NCH3) , 
2.67 (2H, m, NCHj) , 3.14 (12H, m,CH2), 8.06 (2H, d, J = 
8.5Hz, H-3,7), 8.19 (2H, J= 8.5Hz, H-4,8), 8.48 (2H, s, 

25 H-1,5), 10.69 (2H, s, NH) , mp 200-201**C 

Example 16 

2r 6-Bi8 [3- (methylamino) propionamido] anthracene -9, 10-dione 
(BSn-9083) 

30 2, 6-Bis (3-chloropropionamido) anthracene- 9 , 10-dione 

(intermediate A; prepared by the published procedure of 
Agbandje et al., J, Med. Chem., 1992, 35, 1418-1429) was 
treated with methylamine according to the general 
aminolysis procedure described in Example 7 to give amide 

35 BSU 9083 (0.44g, 60%) as a pale brown solid; NMR (DMSO) 
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62.47(6H,S, CH3), 2.70 (4H, t, J = 6.4Hz, COCHj) , 3.03 (4H, 
t, J = 6.3Hz, NCH2), 8.03 (2H, d, J 8.5Hz, H-3,7), 8,15 
(2H, d, J = 8.4H2, H-4,8), 8.45 (2H, s, H-1,5) 10.53 (2H, 
s, NH) , mp 251-253**C. 

5 

Example 17 

2,6 -Bis [3 - (azetidlno) propionamido] anthracene- 9 , 10 -dione 
(BSU-9084) 

2 , 6-Bis {3-chloropropionaTnido) anthracene-9, 10-dione 
10 (intermeidiate A; prepared by the pxiblished procedure of 
Agbandje et al. , J.Med. Chem. , 1932, 35, 1418-1-4-23) was 
treated with azetidine according to the general aminolysis 
procedure described in Example 7 to give simide BSU 9084 
(0.22g, 55%) as a brown solid; NMR (DMSO) 62.34 (4H,m, 
15 CHaCHjCHa) ,2.77{4H,t, J 6.7Hz, COCH3) , 3.48 (4H, t, J = 

6.5Hz, NCHa) , 4.10 (8H, m, NCHj) , 8.03 {2H, dd, J = 8.7Hz, 
1.6, H-3,7), 8.18 (2H, d, J = 8-5Hz, H-4,8), 8.48 (2H, d, 
J = 1.5Hz, H-1,5) 10.82 (2H, s, NH) , mp 223-225^0. 

20 Example 18 

2, 6-Bis [3- (l,3,3-trimetliyl-6- 

azabicycio [3 . 2 • 1] octano) propioncunido] anthracene- 9 , 10- 
dione (BSU-9085) 

2 , 6-Bis (3-chloropropionamido) anthracene -9 , 10 -dione 

25 (intermediate A; prepared by the published procedure of 
Agbandje et al., J.Med. Chem., 1992, 35, 1416-1429) was 
treated with 1, 3, 3-trimethyl-6-azobicyclo [3 .2 .1] octsuie 
according to the general aminolysis procedure described in 
Example 7 to give amide BSU 9081 (0.3g, 14%) as a pale 

30 brown solid; NMR (CDCI3) 5 1.00 (6H, s, CH3) , 1.11 (6H, s, 
CH3) , 1.25 (4H, m, CH2) 1.34 (6H, s, CHj) , 1.46 {4H, m, 
CH2) , 1.72 (4H, m, CH2) , 2.22 (2H, m, CH) , 2.50 (4H, t, J = 
5.3Hz, NCH2) , 2.88 (4H, m, COCHj) , 3.29 (4H, m, CH2) , 8.09 
(2H, d, J = 2.1Hz, H-1-5), 8.25 (2H, d, J = 8.5Hz, H-4,8), 

35 8.35 (2H, d, J = 2.1Hz, 8.5Hz, H-3,7), 11.24 (2H, s, NH) , 
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mp 255-256°C. 
Example 19 

2, 6 -Bis [3- (N,^-dimethylethylenedia]nino)propionaiiiido] 
5 anthracezie-9,10-dione (BSn-6004) 

2 , 6-Bis (3-chloropropionamido) anthracene-9 , 10-dione 
(intermediate A; prepared by the published procedure of 
Agbandje et al., J.Med. Chem., 1992, 35, 1418-1429) was 
treated with W,N-dimethylethylenediamine according to the 

10 general aminolysis procedure described in Example 7 to 

give amide BSU-6004 (0,97g, 52%) as an orange solid; NMR 
(CDCI3) 6 2.31 (12H, s, CH3), 2,54 (8H, m,CH2) , 2.82 (4H, t, 
jJ - 6.1Hz., XH2) , 3=. 04 ^t4H, ^ CH^) , 8 . 04 (2H, d, 

J = 2.0Hz, H-1,5), 8.24 (2H, d, J = 8.5Hz, H-4,8), 8.39 

15 {2H, dd, J = 2.1Hz, 8.8Hz, H-3,7), 11.73 (2H, s, NH) , mp 
>330°C. 

Preparative method for auaternarv ammonium salts of 
anthraouinones of formula (I) : 

20 

Example 20 

1^4 -Bis [3- (diinethylamino)propionainido] anthracene-9, 10- 
dione N,^'-diethiodide (BSn-lG68) 

A mixture containing BSn-1062 (500 mg, 1.15 mmol) , 

25 iodoethane (5 raL, 0.05 mol) and acetone (20 mL) was 

stirred at 25 °C for 2 h. TLC (silica gel; EtOH) indicated 
completion of reaction. The solid which separates was 
filtered, washed with dry ether (3 x 20 mL) , and dried in 
vacuo at 25 ""C. The bis (ethylammonium) quaternary ethiodide 

30 salt (710 mg, 83%) was obtained as an amorphous orange 
powder, mp 199-200 ^C; NMR 6 1.29 (t, tJ = 7 . 1 Hz, 6H, 
NCH2CH3), 3.08 (s, 12H, NCH3) , 3.21 (q, J= 7.1 Hz, 4H, 
NCH2CH3) , 3.44 (t, J- = 7.5 Hz, 4H, COCHjCHjN) , 3.65 (t, iJ = 
7.5 Hz, 4H, COCH2CH2N) , 7.99 (m, 2H, H-6,7), 8.22 (m, 2H, 

35 H-5,8), 8.88 (s, 2H, H-2,3), and 12.20 (s, DjO removes, 2H, 
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CONH) ; IR (KBr) 3436 (br, NH) , 3011, 2687, 1702 . (C=0) , 
1637 (quinone C=0) , 1591 and 1500 cm'^; UV/vis tCHjOH, X 
(log €)], 217 (5-81), 257 (6.06), 313 (5,15), and 460 
(4.86) nm. Anal. Found: C, 44.97; H, 4.92; N, 7.42; I, 
5 33.78%. C28H38N4O4I2 requires C, 44.93; H, 5.12; N, 7.49; I, 
33.91%. 

Example 21 

1, 4-Bis [3- (diinethyla]iLino)propionamldo] antliracene-9, 10- 
10 dione N^N' -dimethiodide (BSU-1063) 

A mixture containing BSU- 10,62 (0.5 g. 1.15 mmol) , 
iodomethane (5 mL, 0.08 mol) and acetone (20 mL) was 
- stifrred-=at 25 -**G- f or-20 min. After this- time, TLC indicated 
quantitative removal of the quinone reagent and completion , 

15 of the reaction. The separated solid was filtered, washed 
with dry ether (3 x 20 mL) and finally dried in vacuo at 
25 **C. The bis (methylammonium) quaternary methiodide salt' 
(0.75 g, 92%) was obtained as an amorphous powder, mp 231- 
232 **C; NMR 6 3.15 (s, IBH, NCH3) , 3.23 (t, J = 7.6 Hz, 4H, 

20 COCH2CH2N) , 3.70 (t, J= 7.6 Hz, 4H, COCHjCHjN) , 7.99 (m, 

2H, H-6,7), 8.22 (m, 2H, H-5,8), 8.87 (s, 2H, H-2,3), and 
12.20 (s, DjO removes, 2H, CONH); IR (KBr) 3436 (br, NH) , 
3011, 1698 (C=0), 1645 (quinone C=0) , 1592 and 1505 cm-S- 
UV/vis [CH3OH, X (log €)], 221 (5.66), 256 (5.85), 318 

25 (5.09), and 462 (4.85) nm; MS (FAB, rel intensity) nt/z 593 
([Af+I]*, 13), 466 {im'% 26), 451 ( [M-CH3] -\ 15), 436 ( [M- 
C2}U] '\ 6), 407 ([M-CaH^] '*, 58), 352 ( [AT-CfiHi^NO] % 19), and 
238 16). Anal. Found: C, 43.19; H, 4.69; N, 

7.59; I, 35.11%. C26H34N4O4I2 requires C, 43.35; H, 4.76; N, 

30 7.78; I, 35.23%. 

Example 22 

1, 4-Bis [3- (dipropylamino)propionaniido] emthracene-9, 10- 
dione N,N' -dimethiodide (BSU-1080) 
35 Treatment of the free base BSU-1079 with iodomethane. 
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using the general procedure desribed for BSU-1061, gave 
the bisquaternary dimethiodide salt as an amorphous 
powder, mp 153-154 **C. Anal. Found: C, 48.28; H, 5.91; N, 
6.55; I, 30.14%. C34H5oN404l2- 0 . 5H2O requires C, 48.52; H, 
5 6.11; N, 6.66; I, 30.16%. 

Example 23 

1#4-Bis [3- (dibutylainino)propionainido] anthracene-9, 10-dione 
-dimethiodide (BSU-1087) 

Treatment of the 1, 4-bis (amido) anthraquinone free base 
BSU-1084 with iodomethane, using the general procedure 
described for BSU-1061, gave the corresponding 
dimethiodide salt as -an amorphous powdel:, mp 85-86^ **C. 
Anal. Found: C, 50.52; H, 6.55; N, 6.19; I, 27.66%. 
C38H58N404l2^20 Tequlres C, 50.34; H, 6.67; N, 6.18; I, 
27.99%. 

Example 24 

1^4-Bis (3- ( 1 -pyrrol idino) prop ionamido] anthracene- 9,10- 
dione -dimethiodide (BSU-1075) 

The bisquaternary dimethiodide salt was prepared in the 
form of an amorphous powder, mp 215-216 ^C, by treatment of 
the free base 1^ 4-bis (amido) anthraquinone BSlT-1074 with 
iodomethane, using the general procedure outlined above 
for BSU-1061. Anal, Found: C, 46.52; H, 4.93; N, 7.11; I, 
32.99%. C30H38N4O4I2 requires C, 46.65; H, 4.96; N, 7.25; I, 
32.86%. 

Example 25 

30 1,4-Bis[3- (4-morpholino)propiona2Bido]anthracene-9,10-dione 
W,,!/' -dimethiodide (BSU-1077) 

Treatment of the bis (morpholine) -substituted derivative 
BSU-1076 with iodomethane, using the general procedure 
outlined above for BSU-1061, gave the dimethiodide salt as 

35 an amorphous powder, mp 234-235 °C. Anal. Found: C, 44.58; 
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H, 4.72; N, 6.84; I, 31.54%. C30H3BN4O6I2 requires C, 44.79; 

H, 4.76; N, 6.96; I, 31.55%. 

Example 26 

5 1, 4 -Bis (4-piperidinobutyra2nido) anthracene -9, 10 -dione N,N' - 
Dimethiodide (BST7-9031) 

A mixture of amino amide BSU-9027 (56 mg, 0.1 mmol) and 
iodomethane (0.33 ml, 5 mmol) in DCM (10 ml) was stirred 
at room temperature for 24 h. The resulting mixture was 
10 filtered, washed with dry ether and dried in vacuo to give 
dimethiodide BSU-9031 (78 mg, 57.5%) as a red solid; mp 
272 '^C dec. Anal. Calcd (C34H46N404I2- 1 . 5H2O) : C, 47.73; H, 
5.77~/ 6.55; l7 29,66. Found C, 47.84; 5.63; N, 6.45; 

I, 29.76. 

15 

Preparative Method for quaternary ammonium salts of 
anthraouinones of Formula (II) : 

Example 27 

20 2,6-Bls [3- (djLinethylamino)propionamidol anthracene- 9,10- 
dione 27,^' -dimethiodide (BSU-1061) 

General Quatemisation Procedure 

A mixture containing BSn-1060 (1 g, 2.56 mmol), 
iodomethane (10 mL, 0.16 mol) and acetone (40 mL) is 

25 stirred at 25 **C for 2 h. After this time TLC (silica gel; 
EtOH) indicated completion of reaction. The solid which 
separates was filtered, washed with dry ether (3 x 60 mL) , 
and dried in vacuo at 25 ^'C. The bis (methylammonium) 
quaternary methiodide salt (1.63 g, 99%) is recovered as 

30 an amorphous powder, mp 266-267 **C dec; NMR 5 3.01 (t, J = 
7.3 Hz, 4H, COCE2CH2N) , 3.12 (s, 18H, NCH3) , 3.70 (t, J* = 

7.3 Hz, 4H, COCHjCHjN) , 8.04 (dd, J = 8.5 Hz, J = 1.4 Hz, 
2H, H-3,7), 8.19 (d, J" = 8.5 Hz, 2H, H-4,8), 8.47 (d, J = 

1.4 Hz, 2H, H-1,5), and 10.87 (s, D2O removes, 2H, CONH) ; 
35 IR (KBr) 3440 (br, NH) , 3098, 3050, 1700 (C=0) , 1666 
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(quinone C=0) , 1590, and 1533 cm'S- UV/vis [CH3OH, X (log 
e)], 220 (5.82), 277 (5.84), 303 (5.67), and 349 (5.14) 
nm. Anal. Found: C, 43.81; H, 4.77; N, 7.61; I, 35.21%. 
C26H34N4O4I2 requires C, 43.35; H, 4.76; N, 7.78; I, 35.23%. 

5 

Example 28 

2, 6 -Bis [3- (diinethylamino)propionamido] anthracene- 9 , 10- 

dione -diethiodide (BSU-1067) 

A mixture containing BSU-1060 (200 mg, 0.512 mmol) , 
10 iodoethane (2 mL, 0.02 mol) and acetone (10 mL) was 

stirred at 25 "^C for 24 h. After this time TLC {silica gel; 

EtOlO indicated reaction completion. The solid which 

separates was filtered, washed with diy ether (3 x 1 0 mL) , 

and dried in vacuo at 25 '^C. The bis (ethylammonium) 
15 quaternary iodide salt (310 mg, 91%) was recovered as an 

amorphous powder, mp 226-227 °C dec. Anal. Found: C, 44.08; 

H, 5.05; N, 7.12; I, 33.52%. C2bH38N404I2- 0 . 75H2O requires C, 

44.14; H, 5.23; N, 7.35; I, 33.31%. 

20 Example 29 

2, 6 -Bis [3- (dipropylamino)propionamido] anthracene-9, 10- 

dione N^J/'-dimethiodide (BSU-1083) 

Treatment of the free base compound BSn-1082 with 

iodomethane, using the general procedure outlined above 
25 for BSU-1061, gave the corresponding bisquatemary 

dimethiodide salt in the form of an amorphous powder, mp 

203-204 °C dec. Anal. Found: C, 48.80; H, 5.98; N, 6.62; I, 

29.98%. C34H50N4O4I2 requires C, 49.05; H, 6.05; N, 6.73; I, 

30.48%. 

30 

Example 30 

2, 6 -Bis [3- (dibutylamino)propionaiiiido] anthracene- 9, 10 -dione 
N^N^ -dimethiodide (BSn-1086) 

Analogous treatment of the diamine free base BSU-1085 
35 with iodomethane, using the general procedure outlined 
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above for BSU-1061, gave the dimethiodide salt as an 
amorphous powder, mp 205-206 °C. Anal. Found: C, 51.31; H, 
6.55; N, 6.23; I, 28.39%, C38H58N4O4I2 requires C, 51.36; H, 
6.58; N, 6.30; I, 28.56%. 

5 

Example 31 

2#6-Bis[3-(l -pyr rolidino ) propionamido] anthracene -9,10- 
dione -dimethiodide (BSU-1081) 

Alkylation treatment of the pyrrolidine free base BSU- 
10 1-078 v/i-th iodomethane, using the general procedure 
outlined above for BSU-1061, gave the corresponding 
dimethiodide " sal t ^as an- amorphous powder ^ mp 2 8 5 - 2 8 6 °C 
dec. Anal. Found: C, 46.44; H, 4.94; N, 7.06; I, 32.60%. 
C30H38N4O4I2 requires C, 46.65; H, 4.96; N, 7.25; I, 32.86%. 

15 

Example 32 

2, 6-Bis [3- C (2-hydroxyethyl) ethylamino] propionamido] 
anthracene-9,10-dione -Dimethiodide (BSU-6002) 

Treatment of the free base BSU 6001 with iodome thane 
20 using the general procedure described in Example 27 gave 

the corresponding bisquaternary dimethiodide salt BSU 6002 
as a yellow solid (0.29, 94%); mp 183-184 °C. 

Example 33 

25 2 , 6-Bis [3 - (hexasiethyleneimino) propionamido] anthracene- 
9,10-dione -Dimethiodide (BSn-9087) 

Treatment of the free base BSU 9080 with iodomethane 
using the general procedure described in Example 27 gave 
the corresponding bisquaternary dimethiodide salt BSU 9087 
30 as a yellow solid (0.24, 75%); mp 237-238°C. 

Example 34 

2, 6-Bis [3- (azetidino) propionamido] anthracene-9, 10-dione 
l^,,!^' -Dimethiodide (BSn-9088) 

35 Treatment of the free base BSU 9084 with iodomethane 
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using the general procedure described in Example 27 gave 
the corresponding bisqua ternary dimethiodidiB salt BSU 9088 
as a brown solid {0.02g, 31%); mp >350**C- 

5 Example 35 

2 , S-Bis [3 - (heptamethyleneimino) propionaBLido] anthracene- 
9,10-dione i7,l7'-Diiiiethiodide (BSU- 9089) 

Treatment of the free base BSU 9081 with iodomethane 
using the general procedure described in Example 27 gave 
10 the corresponding bisquaternary dimethiodide salt BSU 9089 
as a yellow solid (0.09g, 86%); mp 150-191*'C, 

Example 3 6 — - - - _ - . 

2,6-Bis [3- (lr3,3-triinethyl-6- 
15 azabicyclo [3.2.1] octane) propionamido] anthracene-9,10- 
dione i^, J/' -Dimethiodide (BSU-9091) 

Treatment of the free base BSU 9085 with iodomethane 
using the general procedure described in Example 27 gave 
the corresponding bisquaternary dimethiodide salt BSU 9091 
20 as a yellow solid (0.05, 10%); mp 248-249'*C. 

Example 37 

2.5- Bis[3- (^,N-diethyl-N'- 

methylethylenediamino) propionamido] anthracene-9 , 10-dione 
25 -Dimethiodide (BSn-9097) 

Treatment of the free base BSU 9082 with iodomethane 
using the .general procedure described in Example 27 gave 
the corresponding bisquaternary dimethiodide salt BSU 9097 
as a yellow solid (0.02g, 55%); mp 198-199''C. 

30 

Preparation of Maleate Salts 
Example 38 

2 . 6- Bis [3 - (heptamethyleneimino) propionamido] anthracene- 
35 9, 10-dione maleate salt (BSn-9GB6) 
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To a stirred solution of the free base BSU 9080 (2- 
4mmol) in acetone (50mL) was added maleic acid (1 
equivalent) in methauiol (BmL) and the mixture refluxed for 
2hrs. The resultant mixture was then cooled to O^C and the 
5 precipitated solid filtered, washed repeatedly with 

diethyl ether and dried in vacuo. The title compound was 
obtained as a yellow solid (0.28, 93%); mp 203-204'*C. 

Example 39 

10 2, 6-Bls [3- (azetidino)propionamido] anthracene- 9, 10 -dione 
zaaleate salt (BSU- 9 090) 

Treatment of the free base BSU 9084 with maleic acid 
using the general^ procedure describe 38 gave 

the corresponding salt BSU 9090 as a brown solid (0,02g, 

15 33%); mp 229-230^C. 

Example 4 0 

2,6-Bis [3- (l^S^S-trimethyl-e- 
azabicyclo [3 ,2 .1] octano}propionamido] anthracene-9, 10- 
20 dione maleate salt (BSU-9092) 

Treatment of the free base BSU 9085 with maleic acid 
using the general procedure described in Example 38 gave 
the corresponding salt BSU 9092 as a yellow solid (0.30g, 
60%) ; mp 204-205^C. 

25 

Example 41 

2 , 6-Bi8 [3 - (heptamethyleneimino) propionaxaldo] anthracene- 
9,10-dione maleate salt (BSn-9093) 

Treatment of the free base BSU 9081 with maleic acid 
30 using the general procedure described in Example 38 gave 
the corresponding salt BSU 9093 as a yellow solid {0.96g, 
98%) ; mp 191-192°C, 

Example 42 
35 2 ^ 6-Bis [3- (N,jy-diethyl-N' - 
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methylethylenediamino) propionamido] anthracene- 9 , 10 -dione 
naleate salt (BS17-9094) 

Treatment of the free base BSU 9082 with maleic acid 
using the general procedure described in Example 38 gave 
5 the corresponding salt BSU 9094 as a yellow solid (O.Olg, 
27%) ; mp 185-185^0. 

Preparative method for anthraouinone free bases of formula 
(III) and addition salts thereof; 

10 

Example 43 

1 , 4 - Bis [ 3- (2 -hydroxyme thy 1 - 1 - 

piperidino) propionamido] anthracene->9, 10-dlone (BSn-1057) 

2-Piperidinemethanol (3.45 g, 0.03 mol) in EtOH (lOmL) 
15 was added during 15 min to a stirred, ref luxing suspension 
intermediate B (1.00 g, 2.56 mmol) in EtOH (60 mL) . After 
3 h reflux, at which time TLC (silica gel; EtOH-CHaCla 7:3 
v/v as eluent) indicated completion of reaction, the 
mixture was concentrated to 30 mL and chilled to 0-5 °C. 
20 The solid that separated was removed by filtration and 

washed with dry ether to give the. product (0.95 g, 70%) as 
an amorphous red-brown solid, mp 125-126 °C. Anal. Found: 
C, 64.32; H, 7.06; N, 9.47%. CaaH^oN^Og- HjO requires C, 
64.63; H, 7.12; N, 9.42%. 

25 

Example 44 * 

1# 4-Bis [3- (die thylamino) propionamido] suithracene-9, 10-dlone 
(BSU-1070) 

Diethylamine (0.88 g, 0.012 mol) in EtOH (10 mL) was 
30 added during 15 min to a stirred, ref luxing suspension of 
intermediate B (0.5 g, 1.2 mmol) in EtOH (40 mL) . After 
2.5 h reflux, at which time TLC [silica gel; EtOH-CHjClj 
(1:1 v/v) as eluent] indicated completion of reaction, the 
mixture was chilled to 0-5 °C and water (50 mL) was added. 
35 The precipitate was collected by filtration, washed with 
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water and dried in vacuo at 40 °C. The 

bis (amido) anthraguinone (0.51 g, 88%) was obtained as a 
red-brown solid, mp 141-142 °C- Using the general procedure 
outlined for BSU-1062 above, the free base was converted 
5 to the corresponding dihydrochloride salt: mp 254-255 ^'C. 
Anal. Foiind: C, 67.74; H, 7.25; N, 11.28%. CjeHjgN^O^- 0 . 25H2O 
requires C, 67.65; H, 7.40; 11.27%. 

Example 45 

10 1,4-Bis [3- (2- (2-hydroxyethyl) -1- 

piperidino) propionamidb] anthracene- 9 ^ 10 -dione <BSu - 10 64 ) 
= - - _ J^Z Piperidinee tjianol^ (3.88 g , 0.03 mol ) in E t OH ( 1 OmL ) 

was added during 15 min to a stirred, ref luxiiig~suspension^ 
of intermediate B (1 g, 2.56 mmol) in EtOH (60 mL) . After 

15 2 h of reflux, at which time TLC (EtOH-CHjCla 7:3 v/v as 
eluent) indicated completion of reaction, the solvent was 
removed and the residue treated with dry ether (20 mL) . 
Filtration and recrystallization from EtOH afforded the 
title compound (1.06 g, 74%) as a brown solid, mp 121-122 

20 °C. The corresponding dihydrochloride salt was prepared 
using the general procedure outlined for BSU-1062 above: 
mp 215-216 °C. Anal. Found: C, 64.13; H, 7,24; N, 8.76%. 
^34^46^406- l.SHjO requires C, 64.43; H, 7.79; N, 8.84%. 

25 Example 46 

1/4-Bis [3- (l-plperldino)propionamldo] anthracene-9, 10-dione 
(BSn-1071) 

Piperidine (2.0 g, 0,024 mol) in EtOH (10 mL) was added 
during 15 min to a stirred, refluxing suspension of 

30 intermediate B (1 g, 2.4 mmol) in EtOH (60 mL) . After 50 
min of reflux, at which time TLC (EtOH-CHjClj 1:1 v/v as 
eluent) indicated completion of reaction, the mixture was 
chilled to 0-5 "^C and water (100 mL) was added. The solid 
was collected by filtration, washed with water and dried 

35 in vacuo. The l,4-bis(amido)anthraquinone (1.12 g, 91%) 
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was obtained as a red-brown solid, mp 165-166 °C. The 
dihydrochloride salt was prepared as a powder using the 
general procedure described above for BSU-1062: mp >270 **C 
dec. Anal, Found: C, 69.32; H, 6.94; N, 10.72%. 
5 . C3oH36N404- O..25H2O requires C, 69.19; H, 7.06; N, 10.75%. 

' Preparative method for anthraouinone free bases of formula 
(IV) and acid addition salts thereof: 

10 Example 47 

2,6-Bis[3- {2-hydroxymethyl-l- 

piperidino)propionamidoIantJirai2e^^ (BSU-1040) 
2-Piperidinemethanol (25 g, 0.22 mol) in EtOH (50 mL) 
was added during 15 min to a stirred, refluxing suspension 

15 of intermediate A (8 g, 0.019 mol) in EtOH (250 mL) . After 
22 h reflux, TLC (silica gel; EtOH) indicated completion 
of reaction and the mixture was chilled to 0-5 °C. The 
solid that separated was removed by filtration, washed 
with dry ether and diried in vacuo to give the title 

20 bis (amide) quinone compound (9.88 g, 90%) as an amorphous 
brown solid, mp 216-217. °C. 

Example 48 

2,6-Bis [3- (2- (2-.hydroxyetliyl) -1- 
25 piperidino)propionamido] anthraceiie-9, 10-dione (BSn-1035) 

2-Piperidineethanol (38 g, 0.29 mol) was added during 15 
min to a stirred, refluxing suspension of intermediate A 
(10.0 g, 0.023 mol) in EtOH (300 mL) . After 16 h of 
reflux, at which time TLC (silica gel; EtOH) indicated 
30 completion of reaction, the mixture was chilled to 0-5 "^C. 
The solid that separated was removed by filtration and 
washed with dry ether to give the product (12.61 g, 87%) 
as an amorphous brown solid, mp 211-212 °C. 
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Example 49 

2, 6-Bis [3- (4- (2-hydroxyethyl) -1- 

piperidino)proplonamido] anthracene-9, 10-dione (BSn-1038) 
5 4-Piperidineethanol {12,92 g, 0.1 mol) was added during 
15 min to a stirred, refluxing suspension of intermediate 
A (5.0 g, 0.012 mol) in EtOH (150 mL) . After 5 h reflux, 
at which time TLC (silica gel; EtOH) indicated completion 
of reaction, the mixture was chilled to 0-5 °C using an 
10 external ice-water bath. The solid that separated was 

removed by filtration and washed with dry ether to give 
the title compound (6.69 g, 93%) as an amorphous brown 
powder, mp-237-238 **Gt — . ^ ' 

15 Example 50 

2, 6 -Bis [3- (bis(2-hydro3cyethyl)amino)propionaiiiido] 
cui thr ac ene - 9 , 1 0 - d i one (BSn-1041) 

Diethanolamine (25 g, 0.24 mol) in EtOH (100 mL) was 
added during 30 min to a stirred, refluxing suspension of 

20 intermediate A (8 g, 0.019 mol) in EtOH (150 mL) . After 20 
h reflux, solvent removal gave a brown hygroscopic residue 
which was digested in 2-propanol (100 mL) , triturated with 
ether (500 mL) and recovered by filtration. After two 
further such treatments, the solid was washed with ether 

25 (3 x 100 mL) and dried. Recrystallization from aqueous 
EtOH (10% v/v) , with charcoal treatment, gave the title 
compound (9.50 g, 89%) as yellow prisms, mp 159-160 °C. 

Preparative method for cmatemarv ammonium salts of 
30 anthraouinones of formula (III) : 

Example 51 

1,4-Bia [3- (2-hydroxymethyl-l- 

piperidino) propionamido] anthracene-9, 10-dione N^N'^ - 
35 dimethiodide (BSn-1058) 
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Treatment of BSn-1057 with iodomethane using the general 
procedure outlined above for BSU-1061 gavis the 
corresponding bisquaternary dimethiodide salt as an 
amorphous powder, mp 175-176 °C. Anal. Found: C, 46.89; H, 
5 5.23; N, 6.49; I, 29.79%. Ca^H^^N^Ofilj- 0 . 25H2O requires C, 
47.21; H, 5.42; N, 6.48; I, 29.39%. 

Example 52 

1 , 4 -Bis [3 - (diethylamino) propionamido] anthracene- 9 , 10 -dione 
IP -dimethiodide (BSU-1073) 

Using the general procedure outlined above for BSU-IO6I, 
- the free=.base_ BSU-107=0__ was convert to the bisquaternary 
dimethiodide salt in the form of an amorphous powder, mp 
224-225 ^C. Anal. Found: C, 46.34; H, 5.41; N, 7.10; I, 
15 32.67%. CjoH^N^O^Ia requires C, 46.40; H, 5.45; N, 7.22; I, 
32.69%. 

Example 53 

l#4-BiB [3- (1-piperidino) propionamido] anthracene-9, 10-dione 
20 -dimethiodide (BSU-1072) 

Treatment of free base BSU-1071 with iodomethane, using 
the general procedure described above for BSU-1061, gave 
the corresponding bisquaternary dimethiodide salt as an 
amorphous powder, mp 205-206 ^C. Anal. Found: C, 46.81; H, 
25 5.24; N, 6.76; I, 30.64%. C32H42N404I2- HjO requires C, 46.96; 
H, 5.42; N, 6.84; I, 31.01%. 

Preparative Method for cmatemarv ammonium salts of 
anthraouinones of formula (IV) : 

30 

Example 54 

2, 6-Bis [3- (2- (2-hydroxymethyl) -1-piperidino) propionamido] 
anthracene- 9, 10 -dione -dimethiodide (BSU-105i) 

A mixture containing BSn-1040 (1.5 g, 2,6 mmol) , 
35 iodomethane (10 mL, 0.16 mol) and acetone (50 mL) was 
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stirred at 25 for 24 h. A further 3 h at reflux was 
required to effect completion of the reaction as judged by 
TLC (silica gel; EtOH) . After cooling to 0-5 **C, the 
mixture is filtered and the solid washed with dry ether (3 
5 X 60 mL) , and dried in vacuo at^ 25 °C. The 

bis (methylammonium) quaternary methiodide salt (2.13 g, 
95%) was recovered as an amorphous powder, mp >210 °C dec. 
Anal. Found: C, 47.38; H, 5.38; N, 6.45; I, 29.31%. 
CaAgN^Oglj requires C, 47.45; H, 5.39; 6.51; I, 29.49%. 

10 

Example 55 

2 r6 -Bis [3 {4^=(2 -hydrp3Qret^^ ) - 1 -piperidino) propionamido] 
anthracene- 9, 10 -dione 1^,1^'- dime thlodlde (BSU-IOSO) 

A mixture containing BS17-1038 (1.5 g, 2.5 mmol) , 
15 iodomethane (10 mL, 0.16 mol) and acetone (50 mL) is 
stirred at 25 for 24 h. A further 8 h at reflux was 
required for completion of reaction (TLC: silica gel; 
EtOH) . After cooling to 0-5 °C, the mixture is filtered and 
the solid washed with dry ether (3 x 60 mL) , and dried in 
20 vacuo at 25 °C. The bis (methylammonium) quaternary 
methiodide salt (1.91 g, 86%) was recovered as an 
amorphous powder, mp 183-184 °C. Anal. Found: C, 49.03; 
5.62; N, 6.35; I, 28.72%. CagHgoN^Oelz requires C, 48.66; 
5.67; N, 6.31; I, 28.56%. 

25 

Example 56 

2, 6 -Bis [3- (bis (2-hydroxyethyl) axaino)propionaiiiido] 
anthracene- 9, 10 -dione -dimethiodide (BSn-1052) 

A mixture containing BSU-1041 (0.50 g, 0.9 mmol) , 

30 iodomethane (5 mL, 0.08 mol) and acetone (15 mL) was 

stirred at 25 ""C for 24 h. After this time, TLC (silica 
gel; EtOH) indicated reaction completion. The separated 
solid was collected by filtration, washed with dry ether 
(3 X 60 mL) , and finally dried in vacuo at 25 **C. The 

35 bis (methylammonium) quaternary methiodide salt (0.71 g. 
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93%) was recovered as an amorphous powder, mp 167-168 °C. 
Anal. Found: C, 43.23; H, 5.01; N, 6.67; I, 30.60%. 
C30H42N4O8I2 requires C, 42.87; H, 5.04; N, 6.67; I, 30.20%. 

5 Section B - Biological Assay 

An "in vitro'' Telomeric repeat amplification 
protocol" TRAP assay using a standard telomerase protein 
extract from A2780 human ovarian carcinoma cells was 
10 performed. In previous experiments, A2780 and A2780cisR 
cells, where the latter represent a derived cisplatin- 
resistant strain, have been shown to exhibit telomerase 
activity. . ^ ...^ . ^ . . .-.-=.. 

15 "in vitro" TRAP assay. 

A modified TRAP assay (Mieczyslaw et al, Methods in Cell 
Science, 17: 1-15, 1995) was used involving quantitative 
PGR and harvesting of radiolabelled telomeric TTAGGG 
20 repeats on filters and quantification by liquid 
scintillation counting. 

A2780 cells were lysed in a CHAPS lysis buffer which 
comprises 0 . 5% CHAPS ( 3 - [ { 3 -cholamidopropyl ) - 

25 dimethylammino] -1-propanesulfonate) , lOmM Tris-HCl [pH 
7.5], ImM MgCla , ImM EGTA, 5mM jS mercaptoethanol , 10% 
glycerol, O.lmM AEBSF [freshly added]). 0.04 /ig of 
protein extract from A2780 cells in CHAPS lysis buffer was 
added to a PCR master mix in sterile Eppendorfs. The PCR 

30 master mix contains: 

26.95/11 sterile water (to give final volume of 34/xl) ; 
4/xl TRAP buffer (final concentration: 20mM Tris-HCl (pH 
8.3), 68mM KCl, 1.5mM MgClj, ImM EDTA, 0.05% Tween 20); 
1.25/xl 2mM dNTP's; l/xl TS ^'forward" left primer 

35 (100/xg/ml); 0.5/a1 BSA at 100/ig/ml; and 3/xCi a-^^p ^cxp 
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(at lOmCi/ml = 0.3im1) 

The forward primer was of the following sequence: 
S'AATCCGTCGAGCAGAGTT 3'. 

5 The following controls were run in each assay: 

A. lysis buffer (2/xl) , 

B. Heat inactivation control (85® for 10 mins) . 

C. 2/il of ''half -strength" protein extract (4/zl of 
125Mg/ml) = 0.2/ig 

10 D. untreated protein alone (0.04/ig protein) (2/xl) 

E. 2|il of quarter strength protein extract to check for 
quantitation. 

4/11 of drug dissolved in water at 500;iM (or water) was 
15 then added at final concentrations of 50, 20, 10, 5 and 
IMM. 

These samples were then transferred to a PGR machine and 
held at 25^C for 20mins followed by 80°C for 5 mins. (for 
20 the taq control drug was added at final concentration of 
50;xM at this stage) . The following ''hot-start" PGR mix 
was then added to each tube: 
7.6/1I water 

Ifil CX reverse primer (100/ig/ml) 
25 primer = 3' AATCCCAATCCCAATCCCAATCCC 5' 
Ifil lOX TRAP buffer 
O.4/1I of 5U//xl Taq polymerase 

and samples subjected to 31 PGR cycles of 94**C denaturing 

30 30s; 50°G annealing 30s ; 72°C 1 min. 

Samples were then quickly pulse vortexed and 40/il of PGR 
reaction transferred into a 1.5ml eppendorf tiibe. 800/xl of 
5% trichloroacetic acid (TGA) with 20mM tetrasodium 
pyrophosphate was added and samples left for Ihr on ice. 

35 TCA-precipitated PGR products were then harvested on 
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Whatman filters (Millipore Unit) and filters washed with 
lOml 5% TCA mix and 10ml 70% ethanol for 5 mins to 
dryness. The amotint of radioactivity present on each 
filter was then determined by liquid scintillation 
5 counting. Results for each agent were expressed relative 
to the untreated protein alone control (minus heat 
inactivation control) . 

Table 1 below shows the assay results obtained for a 
10 selection of the anthraquinones of the invention and a 
selection of known anthraquinones of fomulae (III) and 
(ivy and^ their- salts .. ^ ^ = 



Table 1 



1 Anthraquinone 
1* o£ Bicaaqplo 
Mo. 


BSU 
Htamber 


Telomerase Inhibition (COHC) . 


Trap 
Asaay 50% 
IHHXB 

Values 


C50|iM) 


(2DflH) 


(lOflH) 




(IpM) 


* 


BSU 1021 


99.1 


97.8 


92 


64.7 


10.6 


4.5 


* 


BSU 1022 


9.2 


3.7 


0.2 


0 


0 


>50 


* 


BSU 1024 


38.3 


25.6 


15.9 


6.9 


0.2 


>50 


* 


BSU 1028 


25.3 


16.4 


9.5 


8.3 


0.5 


>50 


-* 


BSU 1043 


88.7 


68.1 


17.5 


11.5 


0 


16.5 


50 


BSU 1058 


100 


87.2 


54 


7.9 


0 


9.4 


27 


BSU 1061 


86.4 


56.2 


34.2 


2.1 


0 


17.3 


52 


BSU 1072 


94 .1 


74.2 


45.7 


22.3 


0 


11.1 


24 


BSU 1075 


100 


88 


S2.2 


50.1 


41.5 


5.0 


5 


BSU 1076 


68.6 


32.9 


16.7 


0 


0 


33.5 


25 


BSU 1077 


56.8 


34.2 


6.7 


0 


0 


34.5 


2 


BSU 1079 


49.7 


25.4 


0 


0 


0 


50 


8 


BSU 1082 


35 


30.4 


15.5 


7.7 


0 


>50 



BSU 1021 is 2,6-Bis(3- (l-piperidino)propionamido) 
anthracene-9 , 10-dione diacetate ; 

BSU 1022 is 2,6-Bis(2-(4- 
35 morpholino) acetamido) anthracene-9, 10-dione 

diacetate; 



SUBSTITUTE SHEET (RULE 26) 



wo 98/25885 



PCT/GB97/03446 



- 57 - 

BSU 1024 is 2,6-Bis(2- 

diethylaminoacetamido) anthracene-9, lO-dione 
diacetate; 

BSU 1028 is 2, 6-Bis (3- (4-morpholino)propionamide) 
anthracene -9, 10 -dione diacetate; and 

BSU 1043 is 2,6-Bis(3-(4-(2-hydroxyethyl)-l- 
piperazino) -propionamido) anthracene -9, 10- 
dione diacetate. 

The synthesis of these anthraquinone salts is described in 
WO91/00265. These anthraquinone salts are saltsa of 
cpmpiDunds oj fornm of the present invention. 
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CLAIMS 



1. An anthraquinone of formula (I) or a 
pharmaceutically acceptable acid addition salt or 
5 quaternary airanonium salt thereof: 




in which: 

15 each of and X^, which are the same or different, is 

HNCOCCHj) J^^R^ wherein each of and R^, which are the 
same or different, is an unsubstituted or substituted 
alkyl group or R^ and R^ together with the nitrogen atom to 
which they are attached represent a substituted or 

20 unsubstituted heterocyclic group, and n is an integer of 
from 1 to 6; 

each of X2, X3, X5, X^ X^ and Xg, which are the same or 
different, is H, an unsubstituted or substituted alkyl 
group or halogen; 
25 provided that: 

when X, and X4 are both HNC0(CH2) J^l^R^ and X^, X3, X5, 
Xg, X7 and Xe are each H and n is 2, either R^ and R^ do not 
both represent ethyl, or R^ and R^ together with the 
nitrogen atom to which they are attached do not represent 
30 1-piperidino or 2-hydroxymethyl~piperidino; 

or an anthraquinone of formula (II) or a 
pharmaceutically acceptable acid addition salt or 
quaternary ammonium salt thereof: 



35 
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Q8 Q Qi 



5 




05 O Q4 



in which: 

each of and Q^, which are the same or different, is 
10 HNCOCCHj) J^^R\ wherein each of and R\ which are the 

same or different, is an unsubstituted or substituted 
_ ^ alki^l_grou^ or Jl^^ together with the nitrogen atom to 

which they are attached represent a substituted l>r ^ = — = = 
unsubstituted heterocyclic group, and n is an integer of 
15 from 1 to 6; 

each of Qi, Q3, Q^, Q5, and Qe, which are the same or 
different is H, OH, an amino or substituted amino group, 
an unsubstituted or substituted alkyl group or halogen; 
provided that: 

20 when and Qg are both HNC0(CH2)„NR^R\ and Q^, Q3, Q^, 

Q5, Qy and Qg are each H and n is 1, 2 or 3, either NR^R^ is 
not NCCHa) 013)2 or N(CH2CH20H)2 or R^ and R* together with the 
nitrogen atom to which they are attached do not represent 
piper idino, morpholino, 4-methylpiperazino, 2- 

25 hydroxymethyl-piperidino , 2-hydroxyethyl-piperazino or 4- 
hydroxyethyl -piper idino . 

2. A compound according to claim 1, wherein both 
groups R^ are the same and both groups R^ are the same or 
both groups R^ are the same and both groups R* are the 

30 same. 

3. A compound according to claim 1, wherein Xj, X3, 
X5,.X6, X7 and Xg or Q^, Q3, Q^, Q^, and Qg are each H. 

4 A compound according to any one of the preceding 
claims wherein n is 2. 
35 5. A compound according to claim 1 wherein R* and R^ 
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or and R* are the same. 

6. A compound according to any one of claim 1 
wherein R^ and R^ or R^ and R* together with the nitrogen 
atom to which they are attached represent a siibstituted or 

5 unsiibstituted hexamethyleneimino, heptamethyleneimino, 
azetidino, pyrrolidine, morpholino or piperidino group. 

7. A compound according to claim 1 selected from: 
1, 4-Bis [3- (dime thy lamino) propionamido] anthracene -9, 10- 
dione ; 

10 1,4-Bis [3- (dipropylamino) propionamido] anthracene -9, 10- 
dione ; 1 , 4 -Bis [3 - (dibutylamino) propionamido] anthracene- 
- .9, 10-dipne;_ - 

1, 4-Bis [3- (pyrrolidino) propionamido] anthracene-9, 10-dione; 

1 , 4 -Bis [3 - (4 -moipholino) propionamido] anthracene- 9 , 10 - 
15 dione; 

1 , 4 -Bis (4 -piperidinobutyramido) anthracene- 9 , 10 -dione ; 
2, 6-Bis [3- (dimethylamino) propionamido] anthracene- 9, 10- 
dione ; 

2 , 6 -Bis [2- (bis (2-hydroxyethyl) amino) acetamido] anthracene- 
20 9,10-dione; 

2, 6-Bis [3- (dipropylamino) propionamido] anthracene-9, 10- 
dione ; 

2, 6-Bis [3- (dibutylamino) propionamido] anthracene- 9,10- 
dione ; 

25 2, 6-Bis [3- (1 -pyrrolidino) propionamido] anthracene -9, 10- 
dione ; 

2, 6-Bis [3- [ (2-hydroxyethyl) ethylamino] propionamido] 
anthracene -9,10 -dione ; 

2, 6-Bis [3- (hexamethyleneimino) propionamido] anthracene- 
30 9,10-dione; 

2 , 6-Bis [3- (heptamethyleneimino) propionamido] anthracene- 
9, 10 -dione; 

2, 6-Bis [3- (W,W-diethyl-N'-methylethylenediaraino) 
propionamido] anthracene -9, 10 -dione; 
35 2, 6-Bis [3- (me thy lamino) propionamido] antliracene-9, 10-dione; 
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2 , 6 -Bis [3 - (azet idino) propionamido] anthracene- 9 , 10 -dione ; 
2 , 6-Bis [3- (1, 3, 3-trimethyl-6-azabicyclo [3.2. 1] octano) 
propionamido] anthracene-9, 10-dione; 
2, 6 -Bis [3- (J\^,W-dimethylethylenediamino) 
5 propionamido] antliracene-9 , 10-dione; 

1,4 -Bis [3- (dime tliylamino) propionamido] anthracene- 9, 10- 
dione N , N ' - dime thiodide ; 

1, 4 -Bis [3- (dimethylamino) propionamido] anthracene- 9, 10- 
dione N,N' -diethiodide; 
10 1, 4-Bis [3- (dipropylamino) propionamido] anthracene- 9, 10- . 
dione N, N ' -dime thiodide ; 

1/^-Bis [3- (dibutylamino) propionamido] anthracene -9, 10-dione 
N,N' -dimethiodide; 

1, 4-Bis [3- {l-pyrrolidino)propionamido]anthracene-9,10- 
15 dione N,N' -dime thiodide ; 

1, 4-Bis [3- ( 4 -morpholino) propionamido] anthracene- 9, 10-dione 
N,N' -dimethiodide; 

1, 4-Bis (4-piperidinobutyramido) anthracene- 9, 10-dione N,N^- 
dimethiodide ; 

20 2^ 6-Bis [3- (dimethylamino) propionamido] anthracene -9, 10- 
dione N^N' -dimethiodide; 

2 , 6-Bis [3 - (dimethylamino) propionamido] anthracene -9, 10- 
dione N, N' -diethiodide ; 

2, 6-Bis [3- (dipropylamino) propionamido] anthracene- 9, 10- 
25 dione N,N' -dimethiodide; 

2 , 6-Bis [3- (dibutylamino) propionamido] anthracene-9 , 10-dione 
N,N' -dimethiodide; 

2 , 6-Bis [3 - (1 -pyrrol idino) propionamido] anthracene- 9 , 10- 
dione N,N' -dimethiodide. 
30 2, 6-Bis [3- [ (2 -hydroxy ethyl) ethylamino] propionamido] 
anthracene -9, 10-dione W,2\r' -dimethiodide; 
2 , 6-Bis [3 - (hexamethyleneimino) propionamido] anthracene- 
9, 10-dione W,i\r' -dimethiodide; 

2, 6-Bis [3- (azetidino) propionamido] anthracene-9, 10-dione 
35 N,N' -dimethiodide ; 
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2 , 6-Bis [3- (heptamethyleneimino) propionamido] anthracene- 
9,10-dione 7^,i\^'-dimethiodide; 

2 , 6 -Bis [3- (1, 3 , 3-triTnethyl-6-azabicyclo [3.2.1] octano) 
propionamido] anthracene- 9 , 10 -dione N, N' -dimethiodide ; 
5 2, 6 -Bis [3- (2«^,N-diethyl-N'-methylethylenediamino) 

propionamido] anthracene- 9, 10 -dione J/' -dimethiodide; 
2 , 6 -Bis [3- (heptamethyleneimino) propionamido] anthracene- 
9, 10 -dione maleate; 

2, 6-Bis [3- (azetidino) propionamido] anthracene -9, 10 -dione 
10 maleate; 

2, 6-Bis [3- (1, 3 , 3-trimethyl-6-azabicyclo [3.2. 1] octano.) 
propionamido] anthracene -9, 10 -dione maleate; 
2 , 6 -Bis [3^-Jh|eptamethyleneimino)propionamido] anthracene- 
9, 10 -dione maleate; 
15 2, 6-Bis [3- (i\r, i^-diethyl-N'-methylethylenediamino) 
propionamido] anthracene- 9 , 10 -dione maleate . 

8- A process for the production of an 
anthraquinone according to claim 1, which process 
comprises : 

20 i) reacting a intermediate of formula (B) : 



25 




Xs O Y4 



in which: 

each of and Y^, which are the same or different, is 
30 HNC0{CH2)„Z, wherein Z is a leaving group and n is an 

integer of from 1 to 6, and X^^ Xj, X5, Xg, X^ and Xg are as 

defined in claim 1; 

with a compound of formula (C) : 

R^R^NH (C) 

35 
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wherein and are as defined in claim 1; or 
ii) reacting a intermediate of formula (A) : 



Qs O Qi 



5 




10 in which: 

each of W2 and Wg, which are the same or different, is 
HC0(CH2)nZ, wherein Z is a leaving group and n is an 
integer of from 1 to 6, and Q^, Q3, Q4, Q5, Q7 and Qe are as 
defined in claim 1; 
15 with a compound of formula (D) : 

R^R*NH (D) 
wherein R^ and R* as defined in claim 1. 

9. A process for producing an anthraquinone of 
formula (I) as defined in claim 1 in which the two groups 
20 R^ are not the same and/or the two groups R^ are not the 
same, which process comprises: 

(i) reacting an intermediate of formula (B'): 



25 




X5 O NO2 



in which: 

Yi is HNC0(CH2)nZ, wherein Z is a leaving group and n 
is an integer of from 1 to 6, and Xj, X3, X5, Xg, X7 and Xg 
are as defined in claim 1; 



30 



35 
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with a compound of formula (C) : 

R^R=^NH (C) 
wherein and R^ are as defined in claim 1, to give a 
compound of formula (E) : 

5 



10 




X5 O N02 



wherein is as defined in claim 1; 

(ii) converting the NO2 group to an NHj groups- 
IB (iii) reacting the product of step (ii) with 

Z(CH2)„C0Z wherein Z is a leaving group and n is an integer 
of from 1 to 6, to give a product of formula (F) : 



20 




X5 O Y4 



25 

in which Y4 is HNC0{CH2)„Z; 

(iv) reacting the product of step (iii) with a 
compound of formula (C): 

R^R^NH (CM 
30 wherein R^' and R^' have the same definition as R^ and 

R^ in claim 1, with the proviso that the compound of 
formula (C) is not identical to the compound of formula 
(C) used in step (i) , to give a compound of formula (I) ; 
or 

35 a process for producing an anthraquinone of formula 
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(II) as defined in claim 1 in which the two groups are. 
not the same and/or the two groups are not the same, 
which process comprises: 

(i) reacting an intermediate of formula (A'): 



10 




in which: " -- 

Wa is HNC0{CH2)nZ, wherein Z is a leaving group and n 
15 is an integer of from 1 to 6, and Q^, Q3, Q^, Q5, and Qg 
are as defined in claim 1; 

with a compound of formula (D) 

R^R*NH (D) 
wherein R^ and R* are as defined in claim 1, to give a 
20 compound of formula (G) : 



98 o Qi 



25 




Q5 O Q4 



wherein Q2 is as defined in claim 1; 
30 (ii) converting the NO2 group to an NHj group; 

(iii) reating the product of step (ii) with Z(CH2)nC0Z 
wherein Z is a leaving group and n is an integer of from 1 
to 6 to give a product of formula (H) : 
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5 

which 




HNC0(CH2)„Z 

10 (iv) reacting the product of step (iii) with a 

compGund of f G3?iriU-la {D ' ) : 

R^'R^'NH (DM 
wherein R^' and R*' h^e the same definition as R^ aiTd 
R* in claim 1, with the proviso that the compound of 
15 formula (D' ) is not identical to the compound of formula 
(D) used in step (i) , to give a compound of formula (II). 

10. A process for the production of a quaternary 
ammonium salt of an anthraquinone of formula (I) or 
formula (II) according to claim 1, which process comprises 

20 treating an anthraquinone of formula (I) or (II) with an 
alkylating agent. 

11. A con5>ound according to claim 1 for use in the 
inhibition of telomerase. 

12. A compound according to claim 11 for use in the 
25 treatment of cancer. 

13. A pharmaceutical composition comprising a 
compound according to claim 1 and a pharmaceutically 
acceptable carrier or diluent thereof. 

14 . Use of a compound according to claim 1 or a 
30 compound of formula (III) : 
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JL .NR5r6 
O HN ^(CH2)ii^ 




10 



O 



wherein aSd^R* are each xnliepenliently e thy or and ~= - — = = 
together with the nitrogen atom to which they are 
15 attached, represent a heterocyclic group which is a 2- 

hydroxymethyl-l-piperidino or 1-piperidino group; and n is 
2; 

or a compound of formula (IV) : 




in which R'' and R' are each independently an ethyl or 2- 
hydroxyethyl group; or R^ and R® together with the nitrogen 
atom to which they are attached represent a heterocyclic 
group which is a l-piperidino, 2-hydroxymethyl-l- 
25 piperidino or 4- or 2- (2 -hydroxyethyl) -1-piperidino group; 
and n is 1, 2 or 3; 
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or a pharmaceutically acceptable salt thereof; 

in the manufacture of a medicament for inhibiting the 

activity of telomerase. 

15. Use according to claim 14 for the manufacture of 
5 a medicament for use in the treatment of cancer. 

16. Use according to claim 14 wherein the 
anthraquinone of formula (III) or (IV) or salt thereof is 
selected from: 

1,4-Bis [3- (2-hydroxymethyl-l- 
10 piper idino)propionamido] anthracene-9, 10-dione; 
l . 4 -Bis [3 - (diethylamino) propionamido] anthracene - 9 , IG- 
dione ; 

ly4^Bis [3 -=( 2 - (2 -hydroxy ethyl ) - 1 - 
piper idino)propionamido] anthracene-9, 10-dione; 
15 1,4 -Bis [3- (l-piperidino)propionamido] anthracene-9, 10- 
dione ; 

2,6-Bis [3- (2-hydroxymethyl-l- 

piperidino) propionamido] anthracene- 9, 10-dione; 
2,6-Bis [3- (2- (2 -hydroxys thyl) -1- 
20 piperidino) propionamido] anthracene-9, 10-dione; 
2, 6-Bis [3- (4- (2-hydroxyethyl) -1- 
piperidino) propionamido] anthracene- 9, 10-dione; 
2,6-Bis[3- (bis(2- 

hydroxyethyl) amino) propionamido] antliracene-9 , 10-dione ; 
25 2, 6-Bis (3- (1-piperidino) propionamido) anthracene- 9, 10-dione 
diacetate; 

. 2, 6-Bis (2- (4-morpholino) acetamido) anthracene -9, 10-dione 
diacetate; 

2, 6 -Bis (2-diethylaminoacetamido) anthracene- 9, 10-dione 
30 diacetate; 

2, 6-Bis (3- (4-morpholino) propionamido) anthracene- 9, 10-dione 
diacetate; and 

2, 6-Bis (3- (4- (2-hydroxyethyl) -1-piperazino) -propionamido) 
anthracene -9, 10-dione diacetate. 
35 17. A method of treating a host suffering from 
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cancer which method comprises administering thereto a 
pharmaceutically effective amount of a compound of formula 
(I) or formula (II) as defined in claim 1 or a confound of 
formula (III) : 



10 



.NR5r6 
O HN ^^(CH2)ir^ 




If T 



on) 



15 



20 



where 

in and are each independently ethyl; or R^ and R® 
together with the nitrogen atom to which they are 
attached, represent a heterocyclic group which is a 2- 
hydroxymethyl-1 -piper idino or 1-piperidino group; and n is 
2; 

or a compound of formula (IV) : 



R7r8n— (C3l2)n 




(C3l2)a-NR7R8 



(IV) 



25 in which R'' and R* are each independently an ethyl or 2- 

hydroxyethyl group; or R' and R® together with the nitrogen 
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atom to which they are attached represent a heterocyclic 
group which is a 1 -piper idino, 2-hydroxymethyl-l- 
piperidino or 4- or 2- (2-hydroxyethyl) -1-piperidino group; 
and n is 1, 2 or 3; 

or a pharmaceutical ly acceptable salt thereof. 
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